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Kav  matures  of  seneorlnaural  parforaanc*  are  required  which  can  be 
applied  Co  the  initial  selection  of  navel  aviation  personnel  and  the  medical 
*£sna£2«ant  of  fleet  personnel  during  the  course  of  their  active  caroere 
(STO-FH;  11-D-d,  Fitness  Standards  and  Screening,  July  1977 1  OPRAVMemo 
098E/123-78,  23  October  1978j  Subjt  Aviation  Biomedical  Research  Program 
Input  to  the  Slava  1  Aviation  Plan). 


A  biomedical  instrumentation  capability  haa  been  developed  and  explore- 
tory  recearch  haa  been  initiated  to  inveetlgete  the  potential  contributiono 
of  brainstem  auditory  evoked  response  technology  to  aviation  medicine. 
Brainstem  date  based  upon  siaultaneous  ipellateral  end  contreleteral  record¬ 
ings  have  bean  collected  and  analysed  for  e  selected  population  (age  20  to 
24  years)  of  navel  aviation  students.  An  extensive  aet  of  statistical 
tables  is  provided  for  both  the  Ipellateral  end  contreleteral  date  which 
establishes  the  normative  range  of  brelnatnm  responses  for  the  atudy  popu¬ 
lation.  j^Tbaoe  table*  include  latency,  transmission  ties,  half -period,  and 
peak-to^teak  amplitude  Measurements  for  breinatem  Waves  I  through  VI. 

Timing  end  amplitude  difference*  observed  between  the  Ipellateral  «ndcon- 
tralotaral  brainstem  recordings  for  certain  of  the  waves  ere  described  in 
detail.  A  eat  of  correlation  metric**  i*  included  to  describe  the  ralation- 
ehipo  th-t  exist  among  both  the  breinetem  wavea  end  the  breinatem  measure¬ 
ment  variables. 
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INTRODUCTION 


In  tho  military  flight  environment,  personnel  are  exposed  to  a  varlet / 
of  etreseors  (e.g.,  no  lea,  vibration,  turbulence,  etc.)  which  can  produce  ' 
physiological  reactlona  that  degrade  alee Ion  performance.  Stressors  com¬ 
bined  with  a  heavy  workload  place  a  considerable  burden  on  the  physiological 
ptccssBoe.  Although  the  duration  of  the  phyalologlcal  effecte  caused  by 
etrcoBore  generally  le  brief,  long-term  cumulative  exposure  occaelonelly 
can  produce  debilitating  reactlona  that  require  tome  form  of  medical  manage¬ 
ment.  Since  the  medical  threat  to  career  pereonnal  with  long  histories  of 
exposure  to  such  stressors  la  lneidlous  in  nature,  aviation  medicine  has 
emphasised  the  need  to  monitor  tho  physical  health  of  personnel  on  a  con¬ 
tinuing  besle. 

The  development  of  causal  relationships  between  environmental  stressors 
and  degraded  physical  health  or  performance  le  limited  by  the  aging  process 
of  career  personnel.  In  effect,  the  aging  process  can  be  expected  to  pro¬ 
duce  phyalologlcal  changes  which  might  be  escribed  Incorrectly  to  the  envi¬ 
ronmental  stressors  to  which  these  mams  personnel  were  exposed.  Physiologi¬ 
cal  changes ,  whether  due  to  aging  or  to  the  cumulative  affects  of  environ¬ 
mental  streeeore ,  occur  gradually  and  are  difficult  to  detect  with  current 
standardised  medical  teats  and  techniques.  In  this  context,  exploratory 
research  has  bean  initiated  to  investigate  the  potential  of  brainstem 
auditory  evoked  response  technology  to  serve  both  as  a  medical  screening 
and  mnagement  tool  and  as  a  sensitive  means  for  the  early  detection  of 
sensorineural  changes  that  can  occur  as  a  result  of  either  natural  or  pre¬ 
matura  aging. 

The.  technology  associated  with  measurement  of  tha  brainstem  auditory 
evoked  response  wae  derived  primarily  from  tha  electrocochleographic  work 
of  Sohmar  and  Felnmesser  (27)  and  the  vertex  potential  explorations  of 
Jewett,  Romano, and  Wllliston  (12).  The  method  incorporates  the  detection 
of  nanovolt-level  electrophyeiologlcel  signals  et  the  vertex  of  the  cal¬ 
varium  during  the  first  10  milliseconds  or  eo  following  arrival  of  an  audi¬ 
tory  stimulus  et  tha  ear.  Five  to  savan  distinct  cyclic  waves  In  tha  signal 
provide  a  aummated  description  of  volume-conducted  action  potentials  extend¬ 
ing  from  the  cochlea  through  the  VIII th  nerve  to  the  brainstem  auditory 
centara  (3,11,13,14).  Relatively  nolae-free  records  era  obtained  by  using 
either  time-  or  frequency-domain  signal-averaging  techniques  based  on  the 
sequential  praaantatlon  of  1000  to  8000  transient  auditory  stimuli.  In 
contradistinction  to  the  frequency  spectra  of  conventional  BSC  recordings 
which  gone rally  cover,  at  moat,  the  1-1000  Ks  range,  the  brainstem  record¬ 
ings)  cover  e  frequency  range  extending  from  et  least  100  Hs  to  over  2000  He. 

Golsmbos  and  Hacox  (9)  end  Davie  (6)  have  outlined  the  noteworthy 
progress  chat  lias  bean  made  toward  applying  the  brainstem  auditory  evoked 
response  (BAER)  measurement;  technique  to  e  variety  of  clinical  situations 
involving  eudlologlcel  disorders.  81nca  the  BAER  can  be  recorded  without 
any  cspeciflc  overt  action  or  teak  required  from  the  subject,  It  is  of  par¬ 
ticular  advantage  when  measures  of  auditory  function  ere  required  of  indivl- 
dualo  incapable  of  making  (or  unwilling  to  make)  conventional  nudionetrlc 
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recpc'tsaa  as  a  raault  of  ouch  factora  aa  age,  mental  disability,  trauma, 
dieaesa,  or  malingering.  Sohmer  at  al.  (28)  hava  olao  shown  that  tha  BAKU 
cao  clao  find  diagnostic  applications  In  nonorganlc  hearing  loss*  while 
Coatc  (A)  hae  investigated  its  potential  to  identify  retrocochlear  auditory 
lesions.  As  repreoanted  by  tha  work  of  Bohmer,  Paiime sear,  and  Boabc  (29), 
Starr  and  Achor  (50) ,  and  of  Btarr  and  Hamilton  (31) ,  tha  BAER  has  also  been 
of  benefit  in  the  diagnosis  of  a  variety  of  neurological  disorders,  includ¬ 
ing  dG^eyallnation  and  loos  of  circulation.  In  addition,  tha  HAIR  and  its 
varied  ions  are  baginning  to  serve  an  Important  function  in  psychological  and 
physiological  acoustics  as  typlflad  by  tha  work  of  lauar,  Blmaision, and 
Galccbos  (1),  Hacox,  Squires, and  Calaaboa  (10),  Plcton  and  Hillyard  (17), 
and  Pratt  and  &  hner  (22). 

If  BAER  tasting  techniques  ere  to  find  application  in  the  initial  screen¬ 
ing  e2  now  personnel  and  tha  sustained  nadleal  management  of  career  person¬ 
nel,  data  which  will  daflna  tha  ranga  of  reaponsae  to  be  expected  from  a 
broad  age-range  population  are  rtqulrtd.  As  pointod  out  by  Iowa  (23),  com- 
parlcmae  of  BAER  data  avallabla  in  tha  lltarature  la  Made  difficult  by  tha 
many  variations  in  stlaulua  techniques  currently  in  use.  numerous  dissimi¬ 
larities  exist  in  the  exact  mat hod  aalactad  to  record,  time-average,  identify, 
end  r.aantire  tha  evoked  potentials.  Differences  exist  in  tha  site  aalactad 
for  tha  active  and  ground  electrodes,  tha  recording  bandwidth,  tha  use  of 
single  or  alternate  polarity  condensation  and  rarefaction  acoustic  stimuli, 
tha  rata  of  stimulation,  ind  tht  number  of  responses  used  to  construct  the 
tiiso-sve raged  BAER.  Bines  each  laboratory  must  eolect  tha  measurement  com¬ 
bination  that  beat  meets  its  research  or  clinical  objectives,  the  direct 
quantitative  cosq>arieon  of  brainstem  date  derived  under  different  stimulus/ 
response  conditions  necessarily  will  be  limited •  In  affect,  at  this  atage 
of  BAER  development,  each  measurement  situation  will  raqulra  tha  collection 
of  data  to  establish  the  normative  ranges  of  reaponsae  produced  by  the  teat 
for  a  selected  population. 

This  report  is  directed  toward  providing  normative  BAER  data  for  a 
selected  population  of  young  (age  20-2A  years)  navel  aviation  students  at 
the  time  of  thair  Initial  antry  into  flight  training.  The  measurement  tech¬ 
nique  used  for  thin  prallmlruiry  evaluation  la  based  on  tha  monaural  presen¬ 
tation  of  acoustic  click  stimuli  and  tha  aiaultaneoue  measurement  of  brain¬ 
stem  responses  derived  from  tha  vertex  and  ipailateral  mastoid  and  from  tha 
vertex  end  contralateral  meetoid.  A  relatively  high  stimulus  rate  was 
selected  as  a  compromise  between  the  number  of  individual  bralnatam  waves 
that  could  be  repeatedly  measured  and  tha  overall  duration  of  the  teat. 

Since  career  personnel  routinely  are  exposed  to  a  variety  of  clinical  audio- 
metric  teste  which  can  readily  establish  hearing  thresholds,  the  currant 
BARR  tost  protocol  doee  not  utilise  low-level  or  near  threshold  stimuli. 
Instead,  attention  is  given  to  relatively  high  etiwuluo  presentation  levale 
which  generally  produce  recordings  where  the  majority  of  the  individual 
brainstem  waves  can  be  quentitativsly  Identified  end  their  reeponsa  charac- 
torietics  analysed  with  rafaranca  to  tha  stimulus  levels  end  with  each 
other. 
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PROCEDURE 


SUBJECT'S 


Thirty- five  aviation  students,  both  naval  aviator  and  naval  flight 
office?  candidates,  sarvod  aa  voltmtaar  subjects  for  the  study.  8tud«nta 
were  tested  at  tha  time  of  thair  Initial  antry  Into  the  flight  training 
program  and  following  a  comprehensive  flight  physical  examination  that 
incited  audlonatrlc  taatlng.  All  aubjacta  ware  between  20-  to  24-yaara 
of  c@(s  and  exhibited  hearing  threshold  levels  within  normal  Units.  Older 
atudaots  were  not  included  since  a  long-tarn  objective  of  tha  study  is  to 
utiliiio  tha  BAER  data  derived  froc  this  relatively  young  population  aa  e 
comparative  reference  for  data  to  be  collected  from  much  older  career  per¬ 
sonnel.  The  neon  aga  of  the  group  was  22.1  years.  At  least  five  subjects 
were  Included  in  eech  yearly  ege  bracket. 


MEASUEIMMT  IHSTBIWERTATIOfi 


A  cifflplified  block  diagram  of  the  inetrunontation  ayatca  used  to  record 
tha  early  cce^onenta  of  the  btaineten  potentials  evoked  by  repetitive  acous¬ 
tic  click  stimuli  la  shown  in  figure  i.  A  digital  clock,  set.  to  21  H«  in 
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■lock  dicsrau  of  lnetrvr"tetloe  eystM  utlHi.d  to  nlrwltJcttosily  record  lpoilnterel  «ml  coo- 
tr«I*t«ra*  bralmto*  evoked  r*«pon«e  yot*«tl«l*  prnd.tced  by  ^onouret  ncountlr  click  •tiwili 
prevented  at  •  21-H«  repetition  rate. 
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rdo^  not  to  be  a  direct  aubharoonlc  of  tha  6O-H1  power  line  freauant'v 

h^^ccd  Click  ftnarator  which  provided  alternate  polarity  100 

oha^tfCOnd»Plll**2‘  ,Th*  cllck#  routed  through  two  casoada-vired  *00 
oha  otcenuatore  (Hewlett-Packard  Model  330-D).  The  lmnut  acta^re?^. 

ator  th#  5hr*#lwW  tor  *  Bivan  subject,  and  tha  output  atteau- 

S#t  CUck  9timili  •  *lv*n  dB  increment  above  threshold. 
The  output  attenuator  drove  a  Una  amplifier  (Spaccra  Sonic®  Modal  110) 

that  energized  a  single,  10-ohm  TOH-39  aarphona  mounted  in  a  KX-41AS  ear 
cushion.  Klee tromagc* tic  ahieldins  of  the  earphone  waa  not  necessary  ainca 
tiBo-avera8ing  of  the  response*  to  tha  alternate  polarity  cllcka  affactivaly 
canceled  the  electromagnetic  artifacts  produced  by  pulse-enarglaing  the  ear¬ 
phone  drive  coll.  Tha  resulting  altarnata  condensation  and  rarefaction 
economic  cllcka  had  a  similar  canceling  affect  on  tha  cochlear  mlcrophonlc 
potentials  which  follow,  in  general,  the  polarity  and  chape  of  the  click 
waveform. 


The  brainstem  evoked  response  potentials  wars  derived  from  surface 
electrodes  located  at  tha  vertex  of  the  skull,  tha  mastoid  prominence  behind 
each  car,  and  tha  forehead  of  each  subject.  Tha  ipailataral  signal,  defined 
as  the  potential  difference  between  tha  vertex  alactroda  and  tha  mastoid 
electrode  behind  the  click-stimulated  ear,  was  amplified  by  a  differential- 
input  preamplifier  (Hewlett-Packard  Modal  8811A  Bioelectric  Preasg>lifiar) 
with  &  frequency  response  extending  from  1.5  Ha  to  10  kHs  and  a  gain  of 
20,000.  A  similar  preamplifier  was  used  to  raise  the  level  of  the  contra¬ 
lateral  response  derived  from  the  same  vertex  lead  and  tha  opposite  mastoid 
lead.  The  forehead  electrode  served  as  a  common  ground  reference  for  the 
two  preamplifiers.  A  four-channel  cassette  magnetic  tape  Instrumentation 
recorder  (Phillips  Minilog  4;  with  FM  record/reproduce  electronics)  waa 
used  to  store  the  output  from  tha  two  preamplifier  channels.  Tha  frequency 
reopor.3©  of  tha  tape  recorder  extended  from  dc  through  2.3  kH*.  The  remain¬ 
ing  tvo  channels  of  tha  tapa  system  vara  used  to  record  a  synchronising 
pul os  from  the  stimulus  clock  snd  voles  annotation  data  describing  the  test 
conditions. 

A  16-bit  digital  computer  (Hewlett-Packard  Model  3431B  Feat  Fourier 
Transform  Analyser)  waa  used  to  construct  time-averages  of  tha  lpailatarally 
and  cGiurelattrally  recorded  evoked  response  signal*.  Before  digitising 
the  two  signals,  tha  output  of  ths  taps  recorder  was  passed  through  a  lov- 
pasa  Basest  filter  (Rockland  Systems  Modal  816;  Bessel  Card  06)  with  a  cut¬ 
off  frequency  of  4  kHs  and  an  attenuation  rat*  of  48  dB/octav*.  This  filter, 
which  Introduces  a  constant  time  delay  of  approximately  0.23  millisecond, 
waa  selected  to  minimise  frequency-dependant  phase  or  timing  errors  for  the 
different  brainstem  wave*.  Since  the  frequency  response  of  such  a  constant 
phase  filter  begins  to  fall  off  considerably  before  the  4-kNs  cutoff  fre¬ 
quency  as  compared  to  the  reeponse  of  e  constant  amplitude  filter,  the 
advantages  of  a  fixed  time-delay  for  this  application  are  accomplished  at 
th*  sacrifice  of  amplitude  constancy  over  the  response  spectrum.  Tha  output 
of  thin  filter  was  routed  through  a  simple,  aingla-aactlon,  high-pass  RC 
network  with  a  100-Ha  cutoff  frequency  to  tha  input  of  th*  12-blt  analog- 
to-dlgital  converter.  A  time  period  of  10  milliseconds  wee  selected  as 
ths  tlrao-baa*  for  tha  averaging  operations.  Sample  and  hold  circuitry  eimul- 
tnneouoly  dlgltltod  the  two  brainstem  recording#  at  a  23.3-kHs  rate  end 
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Beared  the  resulting  lO-nlllleecond  Maple  for  each  channel  in  a  256  block 
record.  Specialised  software  allowed  tha  conversion  and  tine-averaging 
processes  to  occur  at  the  21-Ht  click  stinulatlon  rata.  Tha  software  con¬ 
structed  three  separata  tine  averages  for  the  4000-click  stimuli  presented 
in  each  experimental  run.  One  tine-average  wee  constructed  for  tha  first 
20GO  clicks i  a  second  average  for  the  following  2000  clicks,  and  a  third  for 
tho  total  4000  clicks,  tech  of  the  time  averages  wee  stored  on  disk  for 
later  recall  and  analysis. 


fiTGTEM  CALIBRATION 

The  gain  of  each  brainetaai  prMnplifier  use  set  to  20,000,  using  a  50- 
nlesovolt  calibration  signal  applied  to  the  differential  Input  and  an  oscil¬ 
loscope  to  monitor  the  resulting  output.  To  document  system  calibration,  the 
preamplifier  output  produced  by  the  50-microvolt  calibration  signal  wan 
ulraya  recorded  on  the  leed  section  of  the  magnetic  tape  ueed  to  store  tho 
brelnntea  date  associated  with  e  given  experimental  run. 


Calibration  of  tha  acoustic  output  of  the  IDH-39  earphone  wee  occotn- 
pllahed  by  mesne  of  a  6-cm^  coupler  (lruel  end  Kjaar  Type  4152)  which 
coupled  the  earphone  to  a  one-inch  condenser  microphone  (Bruel  and  Kjaer 
Tyco  4144) .  The  sensitivity  of  the  microphone  wee  calibrated  by  both  a 
pictonphona  (Bruel  and  Kjaet  Type  4220)  which  produced  a  124-dB  me,  250-Hs 
tons  and  a  sound  level  calibrator  (General  Radio  Hodel  CR-1562)  which  pro¬ 
duced  114-dB  me  tones  at  125  ,  250  ,  500,  100<^  and  2000  Ha, 


Verification  of  attenuator  calibration  at  a  given  stimulus  level  was 
accosipliehad  by  time-averaging  100  unidiractional  acoustic  clicks  derived 
fre^  the  output  r.f  the  coupler.  The  resulting  improvement  in  aignal-to- 
noise  ratio  alios md  system  linearity  to  be  checked  throughout  the 
and  threshold  necjurement  range*.  The  time-amplitude  profile  of  a  typical 
click  signal  producid  by  a  TDH-39  earphone  is  shown  at  the  laf tin  Pigura  2. 
The  response  of  the  same  earphone  in  che  frequency  domain  la  shown  at  tha 
tifht  in  Figure  2  in  the  form  of  an  energy  spectral  density  plot.  The  click 
energy  distribution  was  relatively  flat  over  the  *ith 

the  exception  of  resonance  peeks  at  approximately  3000  end  5400  H*. 

lech  tasting  eeeeion  involved  tha  sequential  presentation  of  three 
different  click  lavale  adjusted  to  be  40,  60,  and  8U  dB  above  the  threshold 
at  which  tech  individual  subject  was  able  to  detect  the  21-Ha  *****  °*  . 

pulses.  The  overall  noise  background  was  euch  that  the  mean  thIV 

old  for  the  group  wee  approximately  40  dB  pesk  Lp  relative  to  IQ/jPa.  Thu 
tho  40,  60,  and  80  dB  sensation  level  <8L)  stimuli  reported  in  thi*.  atu  y 
correspond  to  approximat.ly  80,  100,  and  120  dB  peak  1*.  Tha  tima-domain 
.lsnwn  at  tha  left  in  Figure  2  represents  a  120  dB  peak  lp  click 
where  the  pea*  amplitude  was  mMsurad  between  the  first  peak 
ceding  baseline.  Thu  peak-equivalent  lp  wae  approximately  3  dB  greater. 
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Kluurt  2 

The  •inpUtttdo-tlw  profile  of  tha  nrountlc  click  Htinulua  u«  produced  tty  tin  imahirlded  IO-olt« 
TWI-19  hcado*t  and  •eaaurwd  with  an  artificial  aar  ■lcropltonc/hondact  coupler  In  atovn  at  tin* 
lift.  Tito  fraquancy-daiMln  characterlatict  of  thu  »amr  acnuatlc  click  •HmuIuh  are  iliow  at 
tha  rlilit  In  tha  fora  of  an  anargy  ipactral  danalty  plot.  Vnr  c h la  atudy,  40,  60,  and  HO  dB 
atnaatlon  laval  (SL)  atlault  lavala  ware  used, which  corresponded  approximately  to  SO,  100, 
and  120  <13  peak  IPl.. 


BXPBRH£2HTAL  METHOD 

In  applying  th«  surface  electrode*,  the  vertex,  left  end  right  mastoid 
prominences,  and  tha  forehead  region*  were  lightly  scrubbed  with  e  mild 
detergent  eolution  end  with  elcohol.  A  conductive  electrode  peate  (Oraas 
Inetruerant  Type  EC-2  Electrode  Cream)  was  applied  to  conventional  3-esa 
diameter  ailvar  EEC  electrode*  backed  by  2-cn  square  gauaa  pads  which  were 
pressed  ago.'.nst  the  skull  in  the  appropriate  position  and  bald  in  place  for 
10  to  15  second*  to  allow  adhesion,  lntarelactrod#  impedance  waa  checked 
by  taeana  of  a  30-Hs  impadanc*  mater  (Grass  Instrument*  Modal  BZM0)  and  main¬ 
tained  at  10,000  ohms  or  less. 

Following  electrode  application,  the  aubject  reclined  in  a  supine  posi¬ 
tion  on  a  small  bad  installed  inside  s  dimly  lighted,  acoustic  tasting  booth 
(Industrial  Acoustic*  Modal  8PA00).  Tha  subject  shaped  a  plaatic  aar  plug 
(Flint  Products  Silaflax  Anti -Noise  Ear  Protector)  and  inserted  it  intv  hio 
right  car.  Ha  positioned  a  haadset  euch  that  the  left  earphone  served  as 
the  atiralue  aourc*  and  right  earphone  as  a  dummy  aar-coverlng.  A  measure 
wes  end a  of  tha  left -ear  sensory  threshold  level,  bracketed  by  ascending 
aod  descending  level  stimuli,  at  which  the  subject  could  juat  detect  the 
preaanca  of  the  21-Ha  click  train.  The  subject  was  then  instructed  to  clos* 
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Ills  eyes,  keep  hi a  teeth  separated,  and  try  not  to  cough  or  swallow  during 
tha  course  of  each  atlsulus  presentation.  Three  200-sscond  sequences  of 
cllckc  (each  sequence  Involved  approximately  4200  clicks  and  was  separated 
by  at  least  a  one-minute  rest  Interval)  vara  presented  at  stimulus  levels 
40,  600  and  BO  dB  above  the  volitional  left -ear  threshold.  Upon  completion 
of  thacs.  three  sequences,  tha  ear  plug  was  transferred  to  tha  left  ear,  tha 
headset  reversed,  and  a  threshold  detsmlnatlon  made  for  the  right  eer.  The 
eequantial  presentations  for  right-ear  stimuli  adjusted  to  40,  60, and  80  dB 
above  tha  right-ear  threshold  then  followed. 

BRAIHS7BM  DATA  ANALYSIS  AMD  BELATED  H0HWCLATU** 

Tfco  magnetic  tape  records  containing  the  ipellateral  and  contralateral 
brainstem  evoked  responses  were  played  into  the  digital  computer  to  construct 
the  deolred  tine-averages.  The  results  warn  stored  on  •  disk  for  poet-run 
analysis.  Thirty-six  dlek  records  (each  record  consisted  of  236  sequential 
words  defining  the  asplltude/tlae  profile  of  each  averaged  response)  wars 
required  for  eech  subject  and  contained  the  simultaneous  analysis  of  the 
lpslleterel  and  contralateral  responses  of  each  eer  to  the  40,  60,  end  B0  dB 
SL  stimuli.  Eech  analysis  involved  a  separate  time-averaged  record  for  the 
first  2000  clicks,  the  second  2000  clicke,  and  tha  total  4000  clicks, 

Tha  36  disk  records  associated  with  a  given  subject  ware  displayed  simul¬ 
taneously  on  e  CRT  terminal  (Tektronix  Model  4012)  end  a  herd  copy,  single 
page  plot  wee  made  of  tha  reaulta  for  inspection.  In  addition,  the  twelve, 
4000-coaple ,  time -averaged  responses  wars  Individually  recalled  and  displayed 
on  the  seme  terminal.  The  individual  wave  compensate  were  identified  visu¬ 
ally  ©nd,  by  meana  of  an  adjusters  cursor,  measurements  made  of  the  time 
incidence  end  absolute  amplitude  J  each  identified  negative  end  positive 
waveform  peak.  The  nomenclature  used  to  identify  the  individual  waves  Is 
shown  in  Figure  3,  which  present*  the  lpulletcral  brainstem  recordings 
obtained  from  six  different  subjects  in  response  to  stimuli  presented  at 
80  dB  81.  As  indicated  by  the  symbols  positioned  adjacent  to  each  major 
peak  in  the  top  record,  the  wave  identification  notation  follow*  the  Roman 
Humeral  I  through  VII  convention  of  Jewett  end  tfllllston  (13),  with  the 
additional  condition  that  tech  individual  wave  number  la  followed  by  an  N 
(negative  polarity)  or  P(poaitive  polarity)  eufflx  to  separately  Identify 
eech  of  the  two  peaka  generally  found  to  be  preeent  in  e  given  wave.  It 
ehould  be  noted  that  the  choice  has  been  smde  to  display  ths  brainstem 
responds  such  that  a  positive  potantial  sc  ths  mastoid  relative  to  the 
vertex  produces  an  upward  or  positive  dsflsction  on  the  record.  (It  is  oftsn 
convention  to  display  the  brainstem  responses  such  that  vertex  positivity 
relative  to  the  mastolds  producae  sn  upward  deflection.)  This  arbitrary 
decision  ties  made  to  facilitate  the  comparison  of  Wave  I-H,  the  first  com¬ 
ponent  of  the  brainstem  response,  to  the  first  component,  generally  identi¬ 
fied  es  MI,  of  the  electrocochleogrephy  response  (8,20,24,41)  using  the 
seme  polarity  convention. 

Using  the  time  end  amplitude  measuree  derived  from  the  cursor  analysis 
of  the  individual  records  as  reference,  statistical  calculations  were  per¬ 
formed  on  four  derived  measurements— latency,  transmission  time,  half- 
period,  end  peak-to-peek  amplitude— for  each  individual  brainstem  wave 
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compenest.  These  oeaeuremente  arc  identified  in  figure  A  which  dieplayo 
tha  ipsilateral  bralnstc&i  atokid  retponM  of  a  single  oubject  in  rciponio 
to  4000  clicka  presented  at  80  dB  8L.  In  thia  figure  and  in  all  figure* 
which  follow,  iha  time  *tt  which  tha  firat  paak  of  tb*  click  stimulus  rote has 
the  we?  relative  to  tin®  t*0  on  the  dlaplay  time  axis  is  defined  aa  Ta. 

Thia  delay,  using  tha  fast  rise-tin*  pulae  produced  b/  the  21-Hs  clock  used 
to  produce  tha  clicka  ae  a  aero  reference,  was  estimated  to  bn  0.468  milli¬ 
second  cad  included  components  due  to  the  finite  rise-time  of  the  eync  pulae 
recorded  on  tape  which  triggered  the  analog-to-dlgltal  converter  during 
the  t  tec -averaging  operations!  tha  acoustic  dalay  of  tha  click  in  reaching 
tho  ear  (set  equal  to  the  delay  measured  with  the  artificial  ear);  end  tha 

BRAINSTEM  AUDITORY  EVOKED  RESPONSE  0ATA 
NOTATION  FOR  IDENTIFICATION  OF  INDIVIDUAL  WAVE  COMPONENTS 


V-F 


IpsilMtoral  brslnstsa.  sveksd  responses  produced  by  80  db  5L  ellrk  ttlwill  (tt»e-avi>rsged 
response  to  *000  clicks)  for  sis  different  subjsets.  Tbs  notation  follows  the  *o»»sn  nuf*>ral 
Vlsvs  1  through  Wsv*  VII  VrntnstcB  convention, with  the  additions)  condition  thst  oach  Indivi¬ 
dual  wava  nu^sr  Is  followsil  by  an  N  (negative)  or  P  (positive)  suffl*  to  nepsratcly  Identify 
•acb  of  th?  two  pssks  associated  vllV  a  given  wave.  A  positive  aipnsl  at  the  iwscoli!  relative 
to  tho  verte*  produce*  an  upward  ds fleet  ion. 


6NA1M3TS44  AUDITORY  KVOKEO  IWSPONaS  DATA 
WAVEFORM  AWL  I  HIDE  AMD  LATIN CY  IVAMJABASKT  CONVENTIONS 


10"  0°  V 


Figure  4 

Selected  lpelletcrul  liralnstta  recording  beaed  upon  a  4000  click.  I l»e- jvc tcrc  and  an  80  tin  8L 
itlnulua  level  nhowing  the  convention*  oeert  to  aneeure  the  latency,  trenealeelon  tine,  helf- 
perlod,  end  poak-t»-p«ak  earlitudo  cltaroctrrtatlce  of  the  Individual  bralnataw  wave  coaponeete. 


0. 25-mlIliMcond  ties  delay  of  th«  4  kHs  Beaaal  filter  Introduced  between 
the  ncsnatic  tape  recorder  output  end  the  input  to  the  analog-to-dlgltal 
converter.  With  Te  serving  es  a  sero  time  reference,  the  latency  of  a 
given  wave  for*  peak  is  measured  as  the  time  incidence  of  the  peak  measured 
in  the  absolute  units  shown  on  the  time  axis  less  0.468  millisecond.  The 
tranen -salon  time  of  a  given  wavs  component  Is  defined  as  the  tlms  Interval 
between  this  peak  and  the  initial  negative  directed  peak  of  Wave  Z  identified 
ae  I-r  which  is  considered  to  correspond  to  VIII th  nerve  activation.  Tha 
half-period  of  a  given  wave  is  identified  as  the  time  interval  between  the 
negative  and  positive  peaks  of  the  given  wave.  The  reciprocal  of  the  total 
period  (twice  tha  half-period)  givea  a  rough  approximation  of  the  fundamantal 
frequency  content  of  the  wave.  The  peak-co-peak  amplitude  is  measured  as 
the  difference  between  the  absolute  amplitude  of  the  positive  peak  qf  tha 
wave  and  tha  absoluta  amplitude  of  tha  related  negative  peak. 
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RESULTS  AND  DISCUSSION 


To  facilitate  th«  Interpretation  of  the  brainstem  date  derived  Cron  the 
young  naval  aviation  etudent  population,  the  reeulte  are  presented  and  dis¬ 
cussed  under  seven  different  subheadings,  The  first  section  describee  the 
general  fora  and  basic  charect«  latlcs  of  the  individual  subject  brainstem 
records.  The  second  section  pertains  to  the  relative  frequency  of  occur¬ 
rence  of  tits  individual  brainstem  waves  that  were  observed  ss  s  function  of 
otlc&lua  level.  The  third  section  describee  the  results  of  e  statistical 
analysis  of  the  bralnstea  tat  sutia  recorded  for  the  study  group  with  the 
aeaar.ee  oi  the  normative  ipr.  lateral  and  contralateral  data  tabulated  in 
Appar,dicao  A  and  B,  respectively.  In  Che  fourth  section,  the  results  of 
a  etatisticel  teat  of  the  normality  of  the  brainstem  measurement  variables 
for  each  of  the  individual  brainstem  waves  are  presented.  The  next  two 
sections  Involve  the  investigation  of  differences  between  left-  end  right-ear 
bralnstea  responses  end  differences  between  Ipeilateral  end  contralateral 
responses.  The  lest  section  provides  u  correlation  matrix  analysis  of  rule- 
tionships  within  and  across  the.  brainetam  measurement  variables  for  each  of 
the  individual  brainstem  waver). 

INDIVIDUAL  SUBJECT  BRAIN STEfi  RECORDS 

A  consolidated  display  of  the  rasulta  of  a  coaplsts  testing  session  for 
a  single  subject  vho  had  a  relatively  high-ampH tude  brainstem  auditory 
evoked  response  is  shown  in  Figure  3.  The  two  scaled  plots  at  tl«s  left 
represent  ihe  ipsilataral  (top)  end  contralateral  (bottom)  responses  to 
left-aar  stimulation.  Tha  two  corresponding  plots  at  the  right  describe 
th&  1132a*  miponMt  to  rijht-Mr  itlBuilfttione  Kb  dmotid  by  tho  lutali  •bown 
at  tha  c<  seer  in  the  figure,  each  plot  contains  the  brainstem  records 
nee cured  in  response  to  the  40,  60,  and  80  dB  8L  click  stimuli  arrangad  in 
ascending  order.  The  horisontal  amplitude  axis  corresponding  to  *•«>  ™ltB 
is  in  propei  relationship  with  the  60  dB  8L  response  (the  40  end  80  dB  BL 
re excuses  are  plotted  to  the  seme  scale  as  the  60  dB  8L  response  but  have 
been  offset  below  and  above,  respectively,  the  sero  amplitude  baseline  for 
display  convenience).  Each  of  the  twelve  brsioetem  responses  shown  in  the 
figuro  is  composed  of  three  superimposed  records »  the  solid  lint  record 
represents  the  time-averaged  response  to  4000  clicks;  and  the  two  dotted 
records  to  either  eide  represent  the  time-averaged  responses  to  the  firet 
end  c$cond  set  of  2000  clicks  used  to  construct  the  4000-sample 
Although  the  two  2000-click  time  averages  ere  plotted  separately,  the  4000 
clicks  were  presented  continuously  to  the  subject  without  interruption. 

For  this  aubjoct,  Waves  I,  II,  III,  V,  and  VI  ere  clearly  pTaeent  in  the 
ipnilateral  responses  to  80  dB  EL  stimulation  of  either  ear.  Bach  of  thesa 
waves  is  marked  by  identifiable  negative  and  positive  peaks.  In  addition, 
tha  negative  component  of  Wave  VII,  l.e.,  Wave  VII-N,  can  be  identified  as 
occurring  at  approximately  9.0  millineconde  on  the  10-milli second  time  axis. 
In  tha  ceae  of  Wave  IV,  neither  o!  the  two  ipeilateral  responses  to  the 
80  dD  8L  clicke  produces  an  identifiable  response;  at  most,  the  ipeilateral 
response  of  the  left  ear  show*  a  amall  nod  h  on  the  downward  negativs  *lop» 
of  Wave  V-N.  However,  in  the  simultaneously-recorded  contralateral  responses 
to  tha  earns  stimuli,  Wave  IV,  though  small  in  amplitude,  can  be  readily 
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na  occurring  at  ipproxiaataly  3.5  millisecond.  on  the  time  axle. 
[Tho  reader  ia  reminded  that  tha  trua  latency  of  a  given  wave  component 

ohan^H  5  *!  •froxiraota1y  °-*7  millisecond  la.,  th^th.  lat.ncy 

obocrved  on  tha  tin.  axis  (sea  Procedure)  a.  a  result  of  tha  overall  time 
delay  inherent  in  tha  instrumentation  system.] 


lha  record,  of  two  additional  subjects  using  tha  earn,  display  format 
are  cnovn  in  Figure  Tha  aoplituds  of  tha  brainstem  response,  depicted 
in  thj  subject  record  at  tha  top  is  more  representative  of  the  subject  group 
than  the  high-amplitude  record  shown  in  Figure  5.  For  the  80  dB  BL  ipsi- 
latesral  recordings  of  this  subject,  it  is  more  difficult  to  identify  the 
wav®  components  following  Wavo  V-N,  particularly  for  right-ear  stimulation. 
The  record  in  ganaral,  however,  does  illustrate  tha  classic  characteristics 
of  the  brainstem  response;  l.e.,  increasing  latency  and  decreasing  amplitude 
with  decreasing  stimuli  levels.  The  subject  record  at  the  bottom  in  Figure  6 
depict®  e  lov-amplitude  response  and  probably  represents  tha  poorest  brain- 
.tea  response  recorded  in  the  present  series.  At  the  AO  dB  BL  level,  It  is 
difficult  to  Identify  even  Wave  V  in  the  ipsllatersl  recordings.  Only  the 
contralateral  response  to  left-ear  stimulation  allows  s  confident  identifi¬ 
cation  of  Wave  V-X  at  tha  40  dB  level.  The  vide  amplitude  separation  end 
ecrca times  uncorreletcd  relationship  between  the  two  2000-sample  (dotted) 
time- average,  end  the  centrally  located  4000-eumpls  mean  (solid)  illustrate 
the  relatively  poor  repeatability  of  the  response  produced  by  this  subject. 


lit®  high-frequency  noise  content  displayed  in  Figure,  j  and  6  la  rela¬ 
tively  low  compared  to  most  brainstem  record,  presented  In  the  literature. 
This  la  accounted  for,  in  pert,  by  the  use  of  tha  constant  time-delay  Baesel 
filter  Introduced  between  the  output  of  the  magnetic  tap.  recorder  used  to 
•tore  tha  brainstem  data  and  the  input  to  the  computer  analog-to-dlgltal 
converter.  Since  this  type  of  filter  preservee  the  time -re 1st ion ships  that 
exist  bet< ’-an  the  individual  brainstem  waves  at  tha  expense  of  gain  Con¬ 
stance  at  the  higher  frequencies,  it  would  be  expected  that  tha  amplitude 
of  sesi®  of  the  waves  displayed  in  Figure.  3  end  6  would  be  ellghtly  less 
than  the  trua  amplitude.  With  the  4-kHs  cutoff  frequency  used  In  this  study, 
the  teasel  filter  transfer  function  1.  such  that  the  gain  is  down  3  dB  at 
half  the  cutoff  frequency  end  13.6  dB  at  the  cutoff  frequency.  It  would 
appear  that  the  constant  ties -delay  feature  combined  with  the  improved  high 
frequency  elgnal-to-nolae  ratio  of  thla  type  filter  in  the  brelnetem  appli¬ 
cation  wall  compensates  for  the  amall  decrement  In  amplitude  accuracy  that 
occur®  above  2  kHs. 


ERA  li] STEM  WAVE  INCIDENCE 


A  primary  objective  of  the  study  van  to  utilise  etlmulue  levels  end 
Raaourement  technique,  which  would  re.ult  in  a  relatively  high  incidence  of 
Waves  I  through  VI  in  tha  result ing  brainstem  recordings.  With  s  high  inci¬ 
dence  of  reedlly  identifiable  individual  brainstem  waves,  it  becomes  pos¬ 
sible  to  build  a  data  bait  to  explore  intra-  end  lnter-vsve  relationships 
an d  thus  extend  brainstem  technology  beyond  its  most  common  Wave  V  applica¬ 
tions.  The  capability  of  tha  brainstem  instrumentation  system  of  this  study 
to  accomplish  this  is  depicted  in  Figure  7.  These  bar-graphs  display  the 
relative  incidence  of  the  negative  and  positive  components  of  Waves  I  through 
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VI  ea  a  function  of  the  40,  60,  and  SO  dB  8L  stimuli  used  in  the  study. 

Each  <jJtua  denotes  the  percentage  of  the  totel  number  of  brainstem  records 
anclyrad  (70  ears)  where  a  given  wave  component  was  identified  ae  being 
present  to  tlve  extent  that  cursor  measurements  could  be  made  of  its  latency 
and  solitude.  The  data  used  to  construct  thaae  ipsllsteral  and  contra-* 
la tar cl  plots  ware  extractsd  from  the  rightmost  column  of  Tables  A1  end  Bl, 
respectively,  of  ths  sppendlcss. 

Tcspactlon  of  Figure  7  shove  thst,  ao  would  bs  axpected,  only  the  major 
brainstem  wave,  l.a. ,  Wave  V-N,  had  an  incldtnca  level  of  90  percent  or  more 
in  bosh  the  lpsilaLersl  end  contralateral  recordings  and  for  all  th^ae  stim¬ 
ulus  levels.  At  only  the  80  dB  8L  level  was  it  possible  to  achieve  e  rela¬ 
tively  high  identification  level  for  the  remaining  waves.  For  the  lpellat- 
eral  recordings  made  at  this  stimulus  level,  Vavee  X-N  and  I-P  vers  identified 
in  %  and  99  percent,  respectively,  of  the  totel  number  of  records  analysed; 
Wavca  II-H  end  11-P,  74  and  84  percent,  respectively;  Waves  111-8  end  IXI-P, 

99  and  94  percent,  respectively;  Waves  TV -8  and  IV-P,  31  and  30  percent, 
respectively;  Waves  V-N  end  V-P,  100  and  71  percent,  respectively,  end 
Waves  VI-N  end  Vl-P,  33  and  69  percent,  respectively.  In  effect,  at  the 

80  dB  BL  stimulus  level,  ell  veve  components  were  present  in  the  ipsileterel 
recordings  at  an  incidence  level  of  70  percent  or  greater,  with  the  exception 
of  IV-N,  IV-P,  and  VI-N.  At  the  stimulus  levels  below  80  dB  8L,  the  proba¬ 
bility  of  identifying  a  given  wave,  with  the  exception  of  Wave  V-M,  fall 
significantly.  For  the  contraleterel  recordings  made  at  80  dg  BL,  only  wave 
compensate  I-P,  III-N,  1II-P,  and  V-N  had  en  incidence  level  near  or  above 
70  percent. 

Salter*.  and  Bracknan  (23), using  83  dB  KL  (121  dB  peek  equivalent  Lp) 
click?  pre -anted  at  a  20-Ha  rate,  reported  Incidences  of  81,  77,  93,  73,  and 

100  percent  for  Waves  PI  through  P5  (Wavea  I-H  through  V-N  of  the  present 
study)  for  their  100  control  sere.  These  data  ere  la  essential  agreement 
with  the  lpsllateral  data  of  Figure  7,  with  the  exception  of  the  high  inci¬ 
dence  of  Wave  ¥4  (XV-N).  This  difference  may  arise  froei  the  fact  that  In 
their  study,  the  contralateral  mastoid  served  as  ground  while  in  the  present 
study,  tha  forehead  served  as  ground.  The  vertex  end  Ipsileterel  mastoid 
electrode  sites  served  as  ths  active  differential  inputs  in  both  studies. 

One  noticeable  difference  between  the  lpsllateral  and  contralataral  data 
a!  Figure  7  Involves  the  incidence  of  the  two  Veve  1  components.  At  80  dB 
SL,  tha  first  component,  Wave  I-N,  bad  e  relatively  high  lneldance  (96  per¬ 
cent)  In  the  ipsileterel  recordings  end  •  low  incidence  (19  percent)  in  the 
contralateral  recording*.  The  following  component,  I-P,  has  a  relatively 
high  incidence  in  both  recording  modes.  The  leek  of  a  Wave  I-N  in  tha  con¬ 
tralateral  recordings  is  demonstrated  by  the  80  dB  SL  recordings  shown  In 
FiguTa  5.  Both  eara  of  this  subject  show  a  clear  Wav*  I-N  in  the  ipcllataral 
recording*  end  no  corresponding  response  in  the  contraleterel  recordings, 

Tha  occasional  preeenc*  of  a  email  1-N  response  in  the  contraleterel  record¬ 
ings?  ie  demonstrated  by  the  80  dB  SL,  left-ear  stimulus  record  at  the  top- 
left  in  Figure  6. 

This  absence  of  Wave  I-N  in  the  contralateral  recording*  (13,33,36) 
would  be  expected  from  the  conclusion  of  Jewett  and  Villiaton  (13)  that 
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Uava  X-II  corresponds  to  tha  Nl  potential  of  olectroeochleography  (41)  which 
raflcctc  Lilith  nerve  activity  of  tha  stimulated  aar.  Tha  relatively  high 
incidcnca  of  Wava  2-P  in  both  tha  lpeilataral  and  tha  contralateral  record¬ 
ings  lends  further  support  ti  tha  ganeral  baliaf  that  Wav  a  I-N  la  mastoid 
originated  while  the  subsequent  waves  ara  rtora  vertex  oriented  02), 

Thia  vortex-orientation  interpretation  of  all  waves  following  I-H  la 
complicated,  however;  by  tha  Wave  IV  Incidence  data  of  Figure  7,  Although 
oil  otlvr  waves  showed  tha  greatest  Incidence  in  the  lpellatoral  recordings, 
the  converse  was  true  for  Wave  IV,  In  tha  contralataral  recording* ,  Neve  IV 
was  identified  aa  being  present  In  approximately  57  percent  of  the  records t 
in  the  ipallateral  recordlnga,  the  identification  rate  wee  only  30  percent. 
This  relationship  la  illustrated  by  the  left-ear,  80  dB  8L  brainstem  record 
shown  in  figure  5.  Tor  this  eubject,  e  email  but  distinct  Neve  IV  *e  visible 
in  tha  contralataral  recording  on  the  downward  nagetlve  slope  of  Wave  V-N. 

In  tho  ec.*r««ponditfir  .trilateral  record,  the  pretence  of  Wave  IV  is  indicated 
only  by  a  alight  break  in  the  Wave  V-N  elope.  Typically,  if  Wave  IV  could 
be  identified  In  the  lpeilataral  recordlnga,  then  It  wee  generally  possible 
to  readily  identify  a  Wave  IV  of  greater  magnitude  in  tha  contralateral 
recordings.  The  converse  was  not  true.  This  observation  will  be  later  dis¬ 
cussed  In  relation  to  other  differences  observed  between  the  ipallateral  and 
contralateral  responses. 

ta  this  point  no  mention  has  been  made  of  Nava  VII,  At  tins  beginning  of 
tha  study,  an  attempt  was  made  to  Identify  end  measure  both  the  negative  and 
poeltivo  components  of  tha  wave.  Tor  many  of  the  subjects  it  waa  readily 
poesiblo  to  Identify  a  relatively  alow  negative  component  occurring  about  9 
milliseconds  or  eo  after  tha  click  stimulus.  Tha  80  dB  8L  lpeilataral 
recordings  in  Figure  5  indicate  this  type  of  response.  But  in  other  subjects, 
Wave  VII-N  was  not  eo  readily  identified  and  waa  sometimes  complicated  by  a 
relatively  feat  and  small  wave  that  occurred  immediately  after  Wave  VI-F. 
During  e  pilot  statistical  anelyais  of  the  seeli  amount  of  Wave  VII  data 
that  bed  been  collected,  it  was  found  that  the  mean  latency  of  Wave  VI I-N 
waa  greater  then  the  latency  of  Wave  VII-P  which,  by  definition,  must  follow 
ite  negative  counterpart.  Thia  Incongruous  result  indicated  that  the  cri¬ 
teria  used  by  tha  investigators  to  identify  Wave  VII  ware  not  coneiatent 
acruao  tha  subject  group.  If  Wave  VIX  ia  of  post  auricular  muscle  origin 
ae  thought  probably  by  Picton  et  si,  (reference  18-Tlgura  10),  than  this 
would  account  for  its  inconsistent  presence  or  miaidantification  in  the 
records  of  this  etudy.  For  theae  reasons,  statistical  data  pertaining  to 
Wave  VII  are  not  included  in  tha  present  analysis, 

A  laat  observation  relative  to  tha  00  dB  8L  ipallateral  records  of  thia 
study  involves  the  occasional  occurrence  of  a  email  positive  peak  imstedi- 
ately  preceding  Wive  I-N.  Thia  ««y  bo  obaarved  in  tha  Figure  3  records  for 
subjects  825-2280,  825-2170,  825-3366,  and  825-1256.  Houney  at  al.  (16) 
have  identified  auch  a  positive  wave  aa  P0  while  Yoehie  (reference  40- 
Figure  i)  hae  presented  a  record  with  a  corresponding  ptak  which  ha  relate* 
to  tha  sussMting  potential  (7).  It  1*  not  known  at  this  point  if  these 
enall  positive  inflactiona  are  due  to  atimulus  artifacts  or  alactrophysio- 
loglcal  activity. 
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SMIN8TE-!  MEASUREMENT  STATISTICS 


iln  result o  of  thffl  statistical  analyses  made  of  the  brainstem  data 
darived  from  tho  cursor  measurement  of  tho  latency  and  amplitude  of  tach 
identifiable  wave  peak  for  each  Individual  aubjact  are  tabulated  in  Appendix 
A  for  tho  ipellateral  recording*  and  in  Appendix  1  for  the  contralateral 
recording.  Each  of  these  appendices  contain*  separate  tablet  describing 
the  four  basic  response  measurements  of  concern  to  this  study)  vis,  latency, 
transsicoion  tisa,  half-period,  and  pesk-to-peak  amplitude.  Tor  each  of 
those  msasurumant  parameters,  for  each  of  tha  three  stimulus  levels,  and  for 
each  of  the  brainstem  wave  components,  a  Hating  Is  presented  of  the  mean, 
median,  uinlraua  value,  maximum  value,  rang*  of  values,  standard  deviation, 
standard  error  of  the  mean,  the  number  of  measurements  (ears)  comprising 
the  essaplo,  and  the  number  of  measurements  expressed  as  the  percentage  of 
tha  total  number  of  ear*— 70— available  for  analysis.  All  date  ueed  in 
the  calculation  of  these  group  statistics  were  derived  from  cursor  meaeure- 
cusnte  bit  la  on  the  4000-aemple  time-averaged  brainstem  recordings. 


Tho  naan  end  standard  deviation  data  associated  with  the  latency  of  the 
individual  brainstem  wave  components  have  been  extracted  fron  Table  AX  end 
plotted  for  reader  convenience  in  figure  6.  Corresponding  lpelletcvel  data 
have  been  extracted  from  Tablet  All,  A1II,  and  AIV  for  the  trenenleslon 
time,  half-period,  end  peak-to-peak  amplitude  measurement a,  respectively, 
and  plotted  in  Figures  9,  10,  and  11,  respectively.  In  each  of  tbeee  figures, 
the  threa  data  point*  plotted  above  e  given  wave  identification  symbol  corres¬ 
pond  to  the  mean, plus  end  minus  ona  standard  deviation,  of  the  responses 
produced  at  tho  40,  60,  and  80  da  8L  atiitulu*  lavele  (reading  from  left  to 
right).  Tha**  three  date  points  are  equally  spaced  along  the  horieontal  a.de 
end  thus  represent  an  abbreviated  stimulus  input/respone*  output  curve  for 
each  Individual  brainstem  wav*  component.  Those  mean  date  points  plotted 
without  standard  deviation  limits  denote  response  eawplee  with  an  jn  less 
than  f iva  for  which,  e*  an  arbitrary  decision,  stetletlcel  calculations  were 
not  par formed. 


Tho  pattern  of  the  lpellateral  latency  date  plotted  in  Figure  8  ie  a* 
would  be  expected  in  that  all  twelve  wavs  components  show  a  deerseeo  in 
latency  'with  an  increase  in  stimulus  level.  For  the  majority  of  the  waves, 
the  standard  deviation  of  the  latency  measurement*  decreases  as  the  stimulus 
level  is  raised, reflecting  the  improved  eignal-to-noiee  ratio  conditions. 

The  standard  deviation®  of  both  components  of  Wav*  VI  were  reletively  large 
and  more  or  lees  independent  of  etimulu*  level.  Thi*  observation  may  be 
related  to  the  occasional  difficulties  encountered  in  identifying  the  exact 
peeks  of  thle  particular  wave. 


As  has  been  ettpheeiied  previously,  ecroei  the  board  comparisons  of 
latency  and  amplitude  date  produced  by  different  laboratories  are  complicated 
by  the  cany  differences  that  exist  between  measurement  equipment  and  techni¬ 
ques.  The  beet  comparative  reference  for  the  data  of  the  present  study  it 
probable  afforded  by  th«  bilateral  work  of  Thornton  (14-37)  who  also  recorded 
similar  simultaneous  ipeilaterel  and  contralateral  response*  and  measured 
the  reaconea  characteristics  of  both  the  negative  end  positive  components 
of  each  Individual  bminetem  wave.  In  general,  the  latency  data  of  Table  AI 
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WAVE  LATENCY  (KILUSECQNDS) 
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end  Fi£ure  8  follow  thooo  reported  In  th#  literature.  For  example,  th#; 

60  dB  SL  ipsileteral  data  for  the  negative  wave  components  of  thia  study 
cloealy  natch  (within  0.1  millisecond  for  all  wavas  but  Wave  1)  the  60  dl 
data  reported  by  Plcton  at  el.  (18)}  are  slightly  ahortar  than  tha  60  dB 
8L-30  Ha  click  rata  latanciaa  report ad  by  tew#  (23)  for  hie  younger  popula¬ 
tion;  q?q  slightly  longer  than  tha  90  dB  Lp-10  Ha  click  rata  latencies 
reported  by  Zollner,  Karnahl,  and  Stanga  (43) j  ara  considerably  longer  than 
th®  60  dB  8L-10  He  click  rata  latanciaa  reported  by  Barry  (2) }  end  ara  fairly 
wall  related  (both  negative  and  positive  wave  component a)  to  tb*  60  dB  8L 
data  reported  by  Thornton  (33).  For  tha  80  dB  8L  data  of  thie  study,  tha 
latiracico  of  Waves  Il-B  through  VI-N  are.  in  general*  * lightly  longer  than 
those  reported  by  Lav  and  Sohaar  (14)  and  by  Llabertaan,  lohmer,  and  Saabo 
(13)  using  75  dB  HL  click  atirsuli  presented  at  a  10-Hb  rata.  Tha  latanciaa 
of  Wav.sa  I-H  and  V-N  at  tha  40,  60*  «nd  80  dB  SL  atimulu*  lavala  of  tha 
present  study  all  fall  within  tha  plus  and  mlnu*  ona-atandard  deviation 
boundary  Unite  of  tha  composite  laboratory  data  plottad  by  Plcton  at  al. 
(19). 


Ooo  observation  of  interest  in  Figure  8  (derived  from  Table  AI)  involves 
the  potential  existence  off  a  latency  nonlinearity  with  the  thraa  stimulus 
levels  used  in  the  study.  With  tha  axcaptlon  of  both  components  of  Wava  II, 
and  tha  positive  conponant  of  Wave  VI,  tha  dacraaa*  in  latency  that  occura 
bstwwon  40  and  60  dB  UL  ia  considerably  graatar  than  tha  decrease  that  occurs 
between  60  and  80  dB  8L.  For  example,  tha  latancy  of  Ware  I-*  at  40  and 
60  dB  SL  la  approximately  2.36  and  1.65  adlliaoconda,  raapactiualy,  repre¬ 
senting  a  decraaaa  of  approximately  0,7  mlUleaccud.  At  80  dB  BL,  the  Wavo 
I-N  latency  la  1.33  millisecond*,  thus  representing  a  decrease  of  only 
0.32  millisecond  from  the  latency  at  60  dB  BL.  Thia  nonlinearity  ie  also 
reflected  by  the  Wave  V-H  latency  data}  i.*.,  6.38,  3.73,  and  3.47  milll- 
•econdo  at  the  40,  60,  and  80  dB  8L  atimulua  lavala,  respectively.  Aa 
diecuscod  earlier,  these  three  stimulus  lsvals  ware  rsf tranced  to  a  40  dB 
SPL  mean  eenaory  threshold  for  tha  group.  In  this  respect,  it  is  possible 
that  th©  observed  latancy  nonlinearity  may  be  due  to  the  relatively  high 
sound  pressure  level  (120  dB  peak)  seaociated  with  tha  80  dB  SL  atimulue. 

Th*  Wavo  l-t  nonlinearity  corresponds  roughly  to  tha  break  in  the  HI  IfiSSMZ 
data  plotted  by  Yoshi*  (rafatence  39-F£gurs  2)  which  occura  *  round  60  dB  BL 
which  in  turn  la  fairly  close  to  tha  transition  level  which  separatee  hia 
"H"  and  "L"  amplitude  input-output  curves.  Tha  data  of  Cullen  at  al.  (3) 
aleo  indicate  a  nonlinearity  in  th*  HI  (Wave  I-K)  latency  raaponae  ovsr  the 
60-110  <33  Lp  stimulus  range.  Thia  nonlinearity,  however,  was  of  exponential 
rather  than  of  discontinuous  or  break  form.  Th#  l«t«ncy  data 
Zollner,  Karrahl.and  Stan**  (43)  also  indicate  P0*"?'1**  *  r*ETii!!d 
srity  with  c.imxli  in  th*  80  to  100  dB  Lp  range.  In  thia  case,  th*  trend 
la  noticeable  for  not  only  Wav#  I,  but  also  thair  Wave*  III,  IV,  and  V. 

Corresponding  mean  and  standard  deviation  data, 
are  plotted  for  the  ipallataral  tranamission  times  of  the  individual  brain 
etaa  wavo  components  in  Piguro  9.  A»  detailed  earlier,  tha  transmission  time 
XT  TllL  wc  component  was  defined  «.  the  time  interval  between  the  ini¬ 
tial  Sava  I-W  peak  raproeanting  VUIth  nerve  activity  and  tha  peak  of  tha 
liven  wavo  component.  Since  th#  measurement  of  this  parameter  depend*  on 
?ha  prc^ncaTf  an  identifiable  Wav*  I-W,  and  line*  th#  incidence  of  thia 
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wave  dec rads a e  at  the  lover  stimulus  levels,  the  number  of  individual  trans¬ 
mission  time  dote  available  for  statistical  analysis  Is  considerably  lower 
than  -ha  number  available  for  analysis  of  the  latency  data.  As  Indicated  in 
Flguro  9,  there  saa  a  general  trend  for  the  mean  tt/tnemiaeion  titaa  of  the 
individual  wave  components  to  increase  as  stimulus  level  was  raised.  Excep¬ 
tions  to  this  trend  Included  Uevee  Ill-?,  V-F,  and  both  components  of  VI. 
Aaothor  general  trend  Involved  a  gradual  increase  in  the  etandard  deviation 
of  tha  measure  with  wave  number.  The  trend  for  the  standard  deviation  of 
tha  Figure  8  latency  data  to  decrease  with  an  lncraaae  in  stimulus  level  was 
noc  co  pronounced  for  the  transmission  time  date. 


Again,  tha  transmission  time  data  of  thia  study  follow,  in  general, 
thoso  reported  in  the  literature.  Good  ccmparieon  is  afforded  by  the  inter- 
peak  conduction  time  data  of  Rowe  (23)  who  collected  considerable  brainatsm 
information  on  two  copulation  group*  widely  saparatad  in  age.  He  also  made 
direct  comparisons  of  hie  measurements  with  those  collected  in  other  labora¬ 
tories.  For  the  younger  population*  low*  reported  tranemission  time*  of 
1.09,  2.08,  end  4.03  milliseconds  for  Waves  II,  III,  and  V,  respectively , 
coin-  clicks  60  dl  above  click  threehold  that  occurred  at  a  30-Kj  repetition 
rate.  In  tha  present  study,  the  ipsilaterel  transmission  tlsms  produced  by 
60  dli  8L  clicka  occurring  at  s  21-Hs  rate  were  l-J7,  2.24.  and  A*lA 
•meor.de  for  the  „**a  three  waves.  Allowing  for  the  difference*  in  recording 
asthma  end  click  repetition  rete  that  exist  between  the  two  etudias,  it 
mppecre  that  the  two  eats  of  Iraneai salon  time  date  art  reasonably  well 
matched.  Since  the  variation*  in  translation  time  that  occurred  a*  a  func¬ 
tion  of  stimulus  level  were  raletively  null,  the  contention  of  *°£J*J* 
this  erasure  ie  independent  of  stimulus  level  may  be  true  tot 
purpose.  Visual  inapection  of  tha  latency  data  plottad  by  Lav  and  toteav 
(reference  14-Figure  2e),  Pratt  end  lohmer  (reference  21-Figure  3),  aw! 
Seltcre  and  Irackaatm  (raferenc*  23-Figur*  1)  ahown  little  change  in  **,*®,"‘ 
aicaion  time  es  a  function  of  stimuli!*  leval.  However,  viaual  ot 

deta  clotted  by  Thornton  (reference  37-Figure  9)  aleo  indicate* 

ti  U£f«  *' 

IcaBt  Wave  V-H  (hie  Wave  HA).  Coats  (4)  also  reported  e  Mall  increase  in 
til  traSiieeion  time  of  Wavs  V  snd  noted  that  the  latency  deta  of  Starr 
snd  Achor  (30)  are  compatible  with  thie  obeervetion. 

ip.ll.t.r.1  h»lf-p«i«l  d.t.,  «er.c»d  fro.  T.tla  XXII 
in  Figure  10,  represent  the  time  interval  between  the  first  n#**t‘^*£** 
if  I  Sivon  waveend  the  ImmedUtaly  following  positive  component  of  the  aeme 

r/S  «« x  zzzti  1 *ss  i pss* 

•*»  .  ,lw.  br.lwt«  «.v.  .<  h.u-  th.  .oto.1 

5-*  Sj-jsyfes  S»-^‘»T^,5P3A. 
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tVAVE  HALF-PERIOD  BILLISECONDS) 
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HALF-PERIOD  OF  INDIVIDUAL  WAVE  COMPONENTS 
AS  A  FUNCTION  OF  STIMULUS  LEVEL 
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ctiKulca  level  can  bo  viouoliaed  as  describing  a  wave  with  a  fuadaaantai 
frequency  of  approximately  2000  Ha.  Equivalently,  Figure  10  Indlcataa  that 
vlava  V  itsd  tho  longest  half-period  and  thus  represents  tha  lowest  frequency 
brainotaa  wavaj  o.g.,  the  0.87-tdlliaeccmd  half •period  observed  at  80  dB  8L 
signifies  a  fuaddanntol  frequency  of  approximately  575  Ha.  Because  of  ‘he 
high-froqusney  rolloff  characteriutica  of  tha  Beasal  filter  used  in  this 
otudy*  it  would  be  expected  that  gain  attenuation  would  bo  greatest  for 
Wave  IV,  Again,  it  ie  emphasised  that  tha  half-period  data  provide  only 
a  vary  rough  approximation  cf  the  fundamental  frequency  of  e  given  wave. 


Tho  half-period  data,  ae  reflected  by  the  standard  deviation  bars  in 
Figure  10,  exhibited  considerable  nore  variation  than  either  tho  latency  or 
transsainaion  ties  tMaatiressatssta.  There  le  no  across-the-board  trend  for  tho 
half-period  to  either  increase  or  decrease  as  a  function  of  stimulus  level. 
Have  I  ohowsd  o  Jussp  incre&so  at  80  dB  8L,  Wave  III  displayed  minimal  vari¬ 
ation,  nad  Wav®  V  reflected  a  decrease  in  half-period  with  increasing  stimu¬ 
lus  lcvole.  It  should  be  noted  that  if  a  trend  was  present  for  the  half- 
parlod  of  tha  early  waves  to  increase  or  decreaee  ee  e  function  of  the 
stimulus  level,  then  the  transmieeion  tinea  of  the  later  waves  would  increase 
or  decrease  correspondingly.  In  this  respect,  tha  jump  in  the  half-period 
of  Wave  I  at  80  dB  SI,  nay  account  in  part  for  tha  incraaoe  in  transmission 
tlise  that  accompanied  an  increase  in  stimulus  level  for  some  of  the  subse¬ 
quent  waves .  A  related  point  involves  the  definition  of  the  transmission 
tins  measurement.  If  one  wished  to  rep re cent  transmlsalon  time  as  tha  latency 
differoaco  between  tho  very  onset  of  peripheral  activation  and  a  distinguish¬ 
able  wavs  peak  occurring  further  along  tha  brainstem  routs,  then  tha  onset, 
rather  than  first  peak,  of  Wave  I-N  would  serve  as  the  bast  measurement 
referenda.  Thua  If  tha  half-period  of  Wave  I  Increased  as  a  function  of 
atlaulua  level,  and  if  the  actual  onset  of  Vova  X  occurred  approximately 
a  quarter-period  before  Its  first  negative  peak  (Wave  I-N) ,  then  thie 
correction  would  have  tha  tendency  to  make  the  transmieeion  time  o:!  (follow¬ 
ing  wav o.3  less  dependent  upon  stimulus  level* 


Tho  ^assured  pcsk-to-pesk  amplitude a  >f  the  individual  brainstem  waves 
have  been  extracted  from  Table  AXV  and  plotted  in  Figure  11.  These  date  also 
exhibit  considerable  variability  across  stimulus  levels,  Ao  has  been  reported 
by  others  (13,21,33),  the  standard  deviations  of  tha  amplitude  data  are  much 
greater  on  a  proportional  basis  than  those  of  the  latency  date.  On  an 
Individual  subject  basis,  a  rise  in  etlmulus  level  ie  generally  accompanied 
by  a  risa  In  brainstem  wave  amplitude.  On  a  group  baele,  however,  this 
relationship  is  not  readily  established  for  all  of  tha  waves  analysed.  For 
example,  Waves  I,  III,  and  V  show  an  increase  in  amplitude  when  compering 
the  responses  at  40  and  00  dB  SL  while  Wave  VI  shows  the  converse.  The 
Wave  IV  date  of  Figure  11  chow  the  extremely  low  level  (7  to  71  nanovolts 
range)  of  this  relatively  low  incidence  brainstem  wave. 

In  general,  the  statist. leal  properties  of  contralateral  brainstem  measure- 
sent  data,  aurcmarlead  in  Tables  Bl  through  BIV,  follow  those  of  the  ipai- 
leterel  date.  There  ere,  however,  differences  between  the  mean  latencies 
of  certcln  of  the  individual  wave  cocq>onents.  These  differences  will  be 
discussed  In  tha  section  which  addresses  the  two  recording  modes.  With 
Thornton'*  (33,38)  bilaterally  recorded  latancy  data  (batad  on  6  eubjacta), 


23 


700 


600 


5^0 


(/> 

H- 

o 
> 
o 

X 
< 
z 

UJ 

o 

5  400 

CL 

< 

* 

3 

CL 

6 

I 

2C 

2 

CL 

UJ 

> 

< 

& 


300 


200 


100 


IEHTS  AS  A  FUNCTION  OF  STIMULUS  LEVEL 


imurtm  dam 

M£AN*1  STANDARD  DEVIATION 


!'• 


H 


a  40  dB  SI 
«  60  dB  SL 
•  80  dB  SI 


II  III  IV  V 

INDIVIDUAL  BRAINSTEM  WAVE  COMPONENTS 


VI 


Ft  gore  1 1 


Mul  of  llm  rx-no  (pi  tin  mid  ultmt. 
of  Hit-  it  UvUlo.it  hro tnmcw  v»vw 
Cron  Aptt('iull<  A i  Tiibli?  A  Ilf). 


cmtc  at. unlit  rtf  «li*vl«!ton)  IpaOirttral  r<dfcfcto-p**k  9mpUt*4* 
roMponciitu  im  a  function  of  it  laului  itvt*  (data  ixttictod 


tho  related  standard  deviations  of  the  contralateral  responese  vara  greater 
than  thooa  of  tho  ipsllateral  responses.  The  cost  noticeable  dlffereticoo 
Involved  hie  Uavas  N3  end  PS  (our  II1-N  and  VI-P),  Th®  data  of  the  present 
study  indicate  that  tho  standard  deviations  of  tha  latency  measures  were 
cpprctdta&atoly  tho  Sana  for  both  recording  nodes  for  all  components  except 
VI -II  end  VI-P,  Thornton  aleo  found  tha  ipsllateral  amplitude  data  to  bo 
core  ordered  as  a  function  of  stimulus  level  then  the  contralateral  amplitude 
data.  This  von  not  found  to  be  the  caae  in  the  present  study  in  that  tha 
amplitude  of  tha  contralateral  response  produced  by  «  given  stimulus  level 
followed,  in  general,  that  of  the  related  ipsllateral  response  for  all  uavao 
accept  VI.  He  aleo  found  that  the  ipsllateral  anplltude  was  greater  than  tha 
contralateral  amplitude  for  all  waves  except  II.  The  sane  trend  wee  observed 
in  tha  prossnt  study  with  the  exception  that  only  Wave  IV  had  a  greater 
contralateral  amplitude.  Thornton  also  indicated  that  the  standard  deviations 
of  tha  contralateral  amplitude  measures  were  less  than  those  of  the  ipsi- 
laccral  measures  with  the  differences  being  moat  noticeable  in  Waves  III  and 
VI.  In  tha  present  etudy,  the  standard  deviations  of  tho  contralateral 
amplitude  data  ware  loss  than  those  of  tha  lpsllatatal  data  for  Wave#  I 
through  III,  and  greater  than  th#  ipailateral  responses  foT  Wavss  IV  end  VI. 

STATISTICAL  DISTRIBUTION  OF  THE  BRAINSTEM  MEASUREMENT  DATA 


Yn  the  diecueelon  of  the  brainstem  data  preeanted  in  Appendices  A  and  B 
no  mention  wee  made  of  tha  etatistical  distribution  of  the  individual  obser¬ 
vation  used  to  construct  tha  group  statistics  for  the  latency,  transmission 
titto s  half-period ,  and  poak-to-peak  amplitude  measurement#  of  the  study. 

To  t  rat  tha  normality  of  tha  distributions  associated  with  ell  four  maaoura- 
rnant  variables  and  all  twelve  brainstem  wave  components,  a  Kolmogorov-Smirnov 
ona-aample  test  of  goodness-of-fit  (26)  of  the  cumulative  frequency  distribu¬ 
tion  of  tha  obearvad  data  to  an  equivalent  Oauseian  distribution  wee  applied 
to  tha  study  data.  Such  an  analysis,  performed  by  Thornton  (36)  on  tha 
latency  and  amplitude  measurement*  derived  from  eix  subject#,  is  of  value 
when  weighing  tha  decision  to  use  parametric  or  nonparamettir.  statistics  to 
analyse  selected  response  differences  end  correlations. 


To  implement  the  Kolttogorov-Smirnov  test,  a  normalised  cumulative  fra- 
lua^cy  distribution  for  a  Ceussian  population  was  constructed  with  the  same 
teen  and  standard  deviation  as  those  of  th*  observed  date.  The  maximum 
leviotion  on  a  point-to-point  basis  between  this  theoretical  dietribution 
ind  the  nomelised  cumulative  frequency  dietribution  of  the  obearvad  date 
rau  calculated.  Tho  reeulte  of  the  teet  for  each  th*  h™1"***"  W*Y*“  tre 
Liotod  in  Table  I  for  the  ipailateral  responses  to  tho  80  dB  8L  •timulus 
condition  for  all  four  measurement  variables  (70  ear*).  The  ebeolute  value 
3f  the  maximum  deviation  found  between  the  two  distributions,  end  the  number 
,f  t-aaeurementii  ueed  in  the  calculation  of  the  observed  date  dietributien 
tre  ohovn  bolow  each  of  the  identified  wave  components.  Only  the  latency 
and  transmission  time  measures  involve  both  the  negative  and  positive^ wave 
component*  since  tho  r-maining  two  brainstem  measures  «re  based  on  diffar- 
encca  between  the  two  components  a.eocieted  with  a  given  veve.  For  the 
latency  measurements,  the  null  hypotheeia  that  chare  was  no  difference 
beckon  the  observed  end  theoretical  Ceueaisn  distributione  could  not  to 
disproved  at  e  significance  level  of  .03  or  greeter  for  any  wave  component 
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KoliPcscrov-Smli  rvov  cne-tomple  fed  cf  goodneu  of  fit  of  the  cumulative  frequency  distribution*  of  the 
observed  lotcncy,  trcn»ml»»ton  time,  l-olf-pcrlod,  ond  peok-to-peok  omplltude  meoeurementi  of  the  Individual 
brolmtcm  wjvoi  relative  to  equivalent  Goutilon  dltfrlbuflont.  Calculation*  bated  on  tpalloterel  responto*  to 
CO  d3  SL  ttl'ivll  Involving  70  cort. 


INDIVIDUAL  BRAINSTEM  WAVES 

SfAIISTICAl 


VARIABLE 

l-N 

-P 

ll-N 

ll-P 

m-N  iii-p 

IV-N 

IV-P 

V-N 

1  V-P 

Vl-N  VI-P 

latency 

(0) 

.10 

,10 

.09 

.12 

.09 

.11 

.11 

.13 

.06 

.07 

.07 

.22* 

(n) 

67 

69 

52 

59 

69 

66 

22 

21 

70 

50 

37 

48 

Troiumhilon 

(0) 

.10 

.16 

.10 

.12 

.13 

.12 

.13 

.10 

.07 

.07 

.06 

.27* 

I  Ima 

(n) 

67 

66 

51 

50 

66 

63 

22 

21 

67 

48 

36 

45 

Ilolf-Pwlcci 

(0) 

.16 

.10 

.05 

.06 

.12 

.10 

In) 

66 

51 

66 

21 

50 

28 

P-P  Amplitude 

(0) 

<n) 

.05 

66 

.14 

51 

.09 

66 

.24 

21 

.12 

50 

.17 

2B 

(D)  u  Absolut©  value  of  nwxlmum  deviation  of  tho  normollied  cumulative  frequency  dlttflbutlon  of  the 
obaorvad  dcrfo  from  tho  nocmolUed  cumulative  frequency  Attribution  of  Ocwulen  dot  a. 

(n)  u  Ns,  to  of  Individual  reeawrementi. 

•  Signifies".}  beyond  the  .05  level . 

•*  Significant  beyond  the  .01  level. 


jthar  fcS:3n  Wove  Vl-P.  Th«  tana  applied  to  the  traniwiMion  tl»e  with 

rhe  a»ce?t Ion  that  the  deviation  obaerved  for  Wave  VI-P  van  jJ^lf I'S* 

*■  ha  01  loval.  For  the  half-period  and  peak-to-peak  aeplltud#  data, 
too*  Zlt™.  thtt  th.  dU.rtbutton.  of  .ltta.r  < »*  .£““ 
ilk! fared  oianificantly  frout  equivalent  Gauatian  dlBtjf^10”  „ ?  J  “L 
tha  aiw  brainatera  wave a,  In  effect,  for  only  vavt  component  VI-P,  and 

for  only  the  la  taocy  and  tr.n*.i..ion  tine  -arurc^nt.  «*^^  «*  *£ 

«.  j „  fL-_.  ._,v  ot-Atlatical  evidence  to  lepiy  a  uon-Oaueaian  diatri 

butlon*of  *  tho  eeaaureawnt  data.  Thornton  (36> 

svi dance  for  eignif leant  departure  frow  nonulity  for  both  hi*  latency  and 
amplitude  datt.  • 

of  tho  lovor  n  imcUtU  with  th...  -M.ur.Mnt.  « 
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no  evidsr.ca  was  found  to  Indicate  that  tho  distributions  of  any  of  the  four 
caasurctxate  associated  with  any  of  tho  twelve  wave  component#  differed 
oignif iccntly  frcn  equivalent  Gaussian  distributions,  {it  should  be  noted, 
however,  that  because  of  the  relatively  low  incidence  of  Wave  I-K  in  the 
eontraleiornl  recording®  (identified  in  only  13  of  the  70  ears  at  this 
ctinuluB  level) «  the  Kolmogorov-Sotrnov  test  for  the  transmission  tine 
issasurc&oato  van  based  on  s  relatively  low  n,] 

LEFT/KXGliT  KM  DIFFERENCES 

To  determine  if  any  differences  existed  In  the  ipei lateral  responaaa 
of  th«3  loft  and  right  ears  of  this  young  population,  a  matched-pair  Student 
jt-test  we  a  applied  to  each  of  the  four  neasuretasnt  variables  for  each  of 
tha  individual  wave  components  at  ths  80  dB  8L  itimolue  level.  The  results 
of  thio  tort,  based  on  e  comparison  of  tha  differences  between  the  left-  and 
right-ea?  reBponsas  of  each  of  the  33  subjects, are  proeented  in  Table  II. 

Th®  table  lists  the  left-ear  neon,  tha  right-ear  mean,  the  linear  correla¬ 
tion  coefficient  between  the  two  measurement* ,  the  matched-pair  Student 
statistic ,  end  the  number  of  date  pairs  Involved  in  the  calculation  for  each 
of  ths  individual  brainstem  wave  component a,  A  probability  lavel  of  .01  or 
less  wac  selected  to  establish  the  minimum  statistical  significance  rsquired 
to  define  a  difference.  This  relatively  stringent  criterion  was  selscted  in 
tha  interest  of  identifying  reel  differences  at  the  expense  of  overlooking 
true,  but  borderline  differences  between  the  eere. 

Examination  of  the  t-etatietlc,  identified  as  "^-means,"  in  Table  II 
for  each  brainstem  wave  component  and  for  each  measurement  variable  indicates 
that  there  were  no  aignlf leant  differences  between  the  means  for  the  left- 
end  right-ear  responses  for  this  subject  group.  Salters  end  Brackaan  (23) 
have  investigated  the  potential  of  using  Wavs  V  latency  differences  between 
the  two  ears  to  detect  acoustic  tumors.  Ths  majority  of  their  normal  sub¬ 
jects  had  Wava  V  intaraural  latency  differancas  between  0  and  0.1  milli- 
aacond  in  response  to  120  dB  peak  equivalent  Lp  click  stimuli  (83  dB  HL) 
presented  at  a  20-H*  repetition  rate.  Interaurol  latency  differences 
greater  than  0.2  millisecond  were  considered  to  be  suspect  with  tha  else  of 
the  turner  related  to  the  magnitude  of  tha  difference.  Ae  indicated  in 
Table  II,  the  difference*  in  our  etudy  between  the  mean  latencies  for  the 
two  aero  war*  extremely  email  for  all  twelve  wave  components,  For  Wave  V-N, 
the  latency  difference  between  the  means  was  loss  than  0.02  milliseconds 
for  thie  select  normal  population;  the  maximum  left/right  diff trance  observed 
within  the  population  was  0.24  millisecond.  Tor  the  negative  and  Eggitiye 
components  of  Waves  I  through  VI,  the  standard  doviationa  of  ths  left/right 
latency  differences  were  0.11,  0.11;  0.08,  0.13;  0.10,  0.12;  0.04,  0.12; 

0.12,  0.26;  end  0.28,  0.38  millisscond  respectively.  For  this  population, 
a  Wav®  V-N  interaural  latency  difference  of  0.25  millisecond  (mean  difference 
pluo  and  minus  2  standard  daviationa)  would  incorporate  the  responses  of 
all  35  f’ubjscts.  The  standard  deviation  of  the  Wave  V-N  intaraural  diffar- 
atvee  foi  the  eo  dB  SL  contralataral  recordings  was  approximately  the  fame 
(0.11  kill 1 second)  ao  that  of  the  ipalleteral  diffarences. 
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I?3IlJ\TEML/CX)flTRALATEHAL  DIFFERENCES 

The  matched-pair  Student  was  also  utilised  to  compare  tha  Indi¬ 

vidual  brainstem  wave  reoasures^anta  of  tha  simultaneously  recorded  ipoilaterel 
arid  contralateral  response  a .  The  reaulta  of  this  comparison  are  preoantad 
in  Table  III,  vhlch  utilise#  a  format  identical  to  that  of  Tublo  II.  Each 
c-- chad-pair  date  eat  Involves  the  coatpariaon  of  the  ipcilateral  naan 
response  to  the  contralateral  moan  response  of  the  aame  ear  for  a  given 
subject.  The  loft  asid  right  ear  reaponaea  of  the  35  subjects  to  80  dB  BL 
stimulation  were  treated  as  separate  responses,  resulting  In  a  total  of 
7C  ears.  In  Table  III,  negative  values  for  the  t  statistic  indicate  that 
tfca  magnitude  of  the  lpallateral  response  mean  is  less  than  the  magnitude 
of  the  related  contralateral  response  seen.  Referring  first  to  the  latency 
dota  of  Table  III,  it  nay  be  seen  that  statistically  significant  dlfferencoo 
csiat  botwaan  the  lpallateral  and  contralateral  latenclee.  In  the  ipei- 
Ictoral  recordings.  Wave  Components  I-P,  II-B,  II-P,  and  V-N  significantly 
precede  th®  corresponding  components  in  the  contralateral  recordings.  Con¬ 
versely,  both  components  of  the  lpallateral  Vava  III  lag  the  corresponding 
cs:xpo  neats  of  tha  contralateral  recordings.  These  differences  are  signi¬ 
ficant  to  the  .001  level  or  batter.  The  latency  correlation  coefficients 
sL-jva  in  Table  III  Indicate  that  there  was  no  significant  relationship 
fcctvaea  tha  lpallateral  and  contralateral  raaponeaa  for  Wave  component 
I -11  and  Wave  VI.  All  other  wave  components  were  correlated  to  the  .001  or 
tetter  significance  level,  with  the  excaption  of  Wave  I-P  vhlch  had  a 
significance  level  of  .01  or  better. 

The  latency  differences  between  the  Ipsilateral  and  contralateral 
reopens®®  Just  mentioned  are  obviously  of  small  magnitude,  for  example, 
tha  man  latency  data  for  Wave  V-N  lndlcato  that  the  lpallateral  raspons® 
for  this  subject  group  preceded  the  corresponding  contralateral  response 
by  only  0.12  millisecond.  Although  of  email  magnitude,  the  difference  va® 
found  to  be  present  in  over  82  percent  of  the  subject  records.  That  Is, 
of  tha  70  ears  examined,  the  ipsileterelly  recorded  Wave  V-M  preceded  its 
contralateral  counterpart  in  58  caeea,  equaled  It  in  7  cases,  and  legged 
behind  it  In  only  5  cases.  Examination  of  the  basic  latency  data  for 
Vova  III-?  cm  an  individual  subject  basie  showed  so  oven  more  pronounced 
pattern.  Of  the  64  ears  which  produced  an  identifiable  Wove  III-P,  the 
contralateral  response  preceded  the  lpallateral  response  in  59  cases, 
equaled  the  ipsilateral  response  in  3  cases,  and  preceded  tha  response  in 
only  2  cases. 

Figure  12  ie  presented  to  further  illustrate  tha  real  nature  of  these 
ipsilateral  and  contralateral  latency  difference*.  At  the  left  in  the 
figure,  brainstem  reeponase  produced  by  80  dB  SL  click  stimulation  of  th® 
left  ear  are  plotted  for  five  different  subjects.  For  each  subject  th® 
contralateral  response  la  superimposed  in  a  dotted  pattern  on  ths  solid¬ 
line  lpallateral  response.  The  records  at  the  right  pertain  to  the  corres¬ 
ponding  reaponaea  of  the  name  subject*  produced  under  right-ear  stimulus 
conditions.  For  the  eubject  record  shown  at  the  top,  identified  as  Subject 
3-21,  both  components  of  the  contralateral  Wave  III  clearly  precede  the 
lpallateral  Wave  III  for  both  lefb-and  right-ear  stimulation.  Th#  contra- 
lcteral  Wav#  V-N  only  slightly  lag#  its  ipsilateral  counterpart.  The  right- 
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csr  ctiaulua  record  for  this  subject  best  illustrates  tha  general  trend 
for  tha  ipsilatsral  .y  recorded  VJevo  II  to  precede  the  seme  contrsleteral 
vsv2 .  Tha  resaining  subject  records  Illustrate  variations  on  the  sated 
general  points,  including  the  virtual  absence  of  We  vs  I~K  In  the  contra- 
lateral  recordings. 

Thaos  differences  in  the  lpsilateral  and  contralateral  responses  for 
different  bralnstm  waves  quantitatively  reflect  the  latency  ulfferenceo 
otw.rved  by  ficton  et  al.  (18)  when  comparing  vertex-lpsllatsral  mastoid 
recordings  to  various  other  electrode  configurations ,  The  findings  alco 
support  In  part  the  work  of  Zarlin  and  Ratio  ton  (42)  who  described  the 
dels/  of  Vav*.  ill  in  the  lpsilateral  recordings  and  considered  that  this 
difference  supported  tha  findings  of  Buchwald  and  Huang  (3)  In  cat  that 
Vava  111  Is  generated  et  the  superior  olivary  complex.  Their  finding  that 
Vavan  IV  end  V  occurred  simultaneously  In  the  ipellateral  end  contralateral 
recordings  wes  validated  for  only  Wave  IV  in  the  prevent  study.  The  delay 
of  iLr.ro  v-H  found  In  the  contralateral  recordings,  though  avail,  was  found 
to  bi*  statistically  significant  for  the  population  of  our  study. 

At  this  point,  It  Is  difficult  to  develop  an  argument  that  tows  of 
tha so  wave  latency  differences  In  our  study  arose  from  the  configuration 
of  tha  brains  tea  Measurement  system.  That  Is,  when  tha  left  ear  waa  being 
stimulated,  one  recording  channel  measured  the  potential  difference  between 
tha  vortex  end  left  ear  eastold  (identified  ee  the  lpsilateral  response) 
cad  r:he  otfcar  channel  meanared  the  potential  difference  between  the  vertex 
and  right  ear  maatoid  (identified  ee  the  contralateral  response).  To 
stimulate  tha  right  ear,  tha  seme  headset  was  moved  to  tha  right  esr  and 
tbo  recording  choanal*  left  unchanged.  Air-conducted  acoustic  click  cross¬ 
over  was  minimised  by  the  ear  plug  and  dummy  headset  used  on  the  contra¬ 
lateral  ear.  Bone- conducted  acoustic  crossover  would  be  present  hut  ©t  a 
alni'.'zal  level.  Thua  Che  lpsllaterel  channel  for  left-ear  stimulation  became 
tha  contralateral  channel  for  right-ear  stimulation.  A  related  point  in¬ 
volve©  the  cyeaatry  of  tha  surface  electrodes  relative  to  tha  two  recording 
chaumals.  If  a  nonsyromtrical  (anatomical  or  electrical)  placement  of  the 
•lcctrodoa  ware  utilised,  then  it  might  be  possible  to  attribute  the  Ipsi- 
latoral/contraleteral  differences  to  this  fsetor.  However,  this  is  difficult 
to  reconcile  in  that  tha  two  simultaneously  recorded  bralnatem  responses 
were  recorded  between  each  mastoid  and  the  vertex  with  a  forehead  electrode 
serving  as  tha  ground.  Although  the  forehead  electrode  cannot  at  all  be 
considered  as  an  indifferent  reference,  it  Is  difficult  to  postulate  that 
thie  factor  could  account  for  both  the  lggd.  ot  Waves  I-F,  XI-R,  Il-f,  and 
V-P  cad  the  Is*  of  Wave  III  In  the  ipslletersl  recordings  as  compared  to 
tha  contralateral  recording*  regardless  of  th*  sar  stimulated.  At  thin 
po let.  it  is  considered  sufficient  to  present  thse#  finding#  tor  further 
validation  with  tha  hops  that  a  neurological  explanation  can  be  postulated 
in  tha  future.  Tha  findings  certainly  raise  questions  rslativa  to  the 
conclusion*  of  Van  Olphsn,  Rodenburg,  and  Verw*y  (38)  thst  no  electrode 
positions  can  be  found  to  Identify  differences  in  response  to  lpsilateral 
and  contralateral  stimulation. 

Further  insight  into  the  nature  of  thee*  differences  is  afforded  by  ths 
trer raise  ion  time  data  presented  in  Table  III.  Again,  the  contralacaral 
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•*»««  twn«l..lon  t  1ms  thm  It.  oontMlot.r.1 
r,  nu.port  1.  Km  III-H.  it  should  t.  notod  th*t  .loos  eh.  Muuroaont  of 
t^salsoicn  tlao  depends  on  tha  existence  of  Wove  X-»,  and  tine*  Hav©  1-H 

\  7W  lncld®,ca  ln  tlw  contralateral  recordings,  tha  t-ta»t  statistics 
£o :  ti.io  Bsasuru  are  derived  from  relatively  fav  data  points.  The  Half- 
pc-ica  data  of  Tsbla  III  indicate  that  tha  durations  of  Naves  XX  and  IXX  ©ro 
greater  in  tha  ipsllataral  recordings.  Tha  converse  ia  true  for  Wav©  XV. 

Fo:*  tha  pesh-to-peak  aanplituda  c caper laooa,  tha  lpsllateral  response©  war© 
significantly  greater  for  Waves  I,  II,  III,  and  V.  As  with  the  half-varied 
<*3'ja»  Horover ,  tha  Wave  IV  amplitude  was  greateet  in  tha  contralateral 
recordings ,  la  tarring  to  Figure  7,  it  ia  apparant  that  tha  incidence  of 
Itevo  IV  wag  alao  greatest  In  the  contralateral  recordings.  It  wee  a  general 
ctcsrvatioa  that  if  a  alight  notch  or  dip  wee  detected  ln  the  negative  slop© 
treating  Wave  V-M  in  tha  lpailatarel  recordings  for  a  given  subject,  fch*n 
tfco  ceaa  subject  would  generally  have  a  recognisable  Hava  IV  in  the  contra- 
lateral  recordlage.  This  observation  ia  typified  by  tha  Wave  IV  response 
of  Subject  8-7  in  Figure  12.  Whenever  Wave  XV  wee  clearly  present  in  tha 
ipcilatsxal  recordings,  it  wee  generally  present  and  of  larger  Magnitude 
ia  t ha  contralateral  recording!. 
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To  gain  torn  possible  insight  into  relationships  existing  scene  tha 
individual  brainaten  waves,  both  within  end  across  tha  four  brainstem 
ou  r  ffiraont  peraaatere,  an  extensive  series  of  correlation  matrices  wee 
cons true tod  sod  tabulated  ln  Appendices  C  through  F.  These  aw  trices,  based 
upon  the  Pearson  product -moment  coefficient  of  correlation,  art  Intended  to 
provide  normative  baseline  relationships  for  this  young  population  which 
con  bo  compered  to  corresponding  data  to  be  collected  ln  tha  future  for 
olizr  populations.  The  dace  used  ln  tha  calculations  era  baaed  on  the 
responses  of  tha  entire  subject  group  to  the  80  dB  8L  otlanlus  level.  Each 
element  of  the  correlation  matrix  lists  both  tha  coefficient  of  correlation 
end  the  masher  of  deta  pairs  utilised  to  calculato  the  coefficient.  When¬ 
ever  tbs  mxs&ar  of  data  pairs  was  lass  than  flva,  tha  correlation  coefficient 
*33  not  calculated.  The  unity-value  principal  diagonal  coefficient  la  listed, 
vfcata  appropriate,  to  indicate  the  number  of  data  values  available  for  each 
waveform  meesurenent. 

Tha  correlation  matrices  presented  ln  Tables  C  X  through  C  XV  describe 
the  intracorrelations  between  tha  lpellaterally  recorded  l>*alnstem  waves 
for  the  latency,  trenemieeion  time,  half-period,  and  peak-to-peek  amplitude 
CS33  U  TOEHl  Q  t  s ,  respectively.  Tha  matrices  ln  Appendix  D  are  also  based  on 
tha  ipallateral  brainstea  data  but  provide  lntercorreletlona  between  the 
different  measurements  for  each  of  tha  individual  waveai  for  example,  Table 
D  I  describes  tha  corralatlona  between  the  latency  and  transmission  tine 
B035uraaeats,  Table  0  XI  pertains  to  tha  correlate one  between  tha  latency 
end  half-period  measurements,  at  cetera.  Appendix  B,  also  based  upon  the 
tpsi lateral  data,  contains  matrlcas  that  describe  the  correlations  between 
neacuresent  data  darlved  fro*  laft-ear  at  inula  t  ion  and  corrasponding  data 
darivod  from  right-ear  stimulation  for  all  four  of  the  brainstem  measurmnent 
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parcoatoro.  In  Appendix  F ,  matrices  are  presented  that  describe  the  corre¬ 
lating  between  the  ipsi lateral  and  contralateral  retponeee  for  each  of  the 

©msu  rsesat  parses  tare . 

Iha  cut bora  recognise  that  tha  extensive  analysis  or  interpretation  of 
thsCw  correlation  natricaa  at  this  phase  of  the  project  it  fer  beyond  tha 
intscied  scop®  of  the  present  paper.  8ince  little  la  known  at  the  present 
tir£  about  correlations  that  nay  or  should  exist  between  and  across  the 
brains tea  wavs 3  end  thslr  different  measurcssant  parersetcra ,  It  is  felt  that 
tha  matrix  data  will  be  of  value  primarily  at  reference  material  for  future 
braliJBtea  ievsatigationo.  In  this  light,  only  a  few  cursory  ccrcaonto  will 
b®  cr-do  relative  to  the  correlation  data  prasentad  in  tha  appendices,  with 
eraphnsis  placed  primarily  on  tha  trend  or  direction  rather  than  the  actual 
magnitude  of  tha  coefficients. 


First  reference  will  be  made  to  Table  C  I  which  tabulates  the  corre¬ 
lations  between  the  twelve  brainstem  wave  latency  measures  derived  (rota  the 
ipailateral  recordings  made  at  80  dB  SL.  It  is  emphaaised  that  for  a  given 
brainstem  wav®  component,  the  maximum  number  of  latency  measurements  available 
for  correlation  with  another  verve  component  is  signified  by  the  number  be¬ 
neath  the  unity-value  correlation  coefficient  Hated  for  the  given  component. 
ks  d sooted  by  the  asterisk  symbols  in  Tabla  C  II,  there  ware  thirteen  corre¬ 
lations  between  the  brainstem  wave  latenclaa  that  were  significant  to  the 
.001  level  or  greater,  and  seven  that  were  significant  to  only  tha  .01  level. 
A  first  observation  is  that  for  ell  elx  brainstem  waves,  tha  latency  of  the 
positive  terminating  peak  of  a  wave  was  always  significantly  correlated  with 
ita  preceding  negative  -  ak  component;  l.e.,  significant  corrolatlons  existed 
between  tha  latency  of  »-?  end  the  latency  of  1-11,  between  IX-F  and  Il-lf, 
ate. 3  through  VI -?  and  VI-N.  Furthermore,  the  early  waves  wars  linked  such 
that  tha  latency  of  the  Initial  negative  peak  of  a  given  wave  wee  correlated 
(significantly)  with  the  latency  of  the  positive  peak  of  tht  lnmadlstely 
preceding  wave;  l.e..  Wave  XI-M  was  corrals tad  with  Have  X-F  end  Have  III-N 
with  Wave  II-P.  In  the  case  of  Wave  XXX,  the  positive  component  wee  corre¬ 
lated  with  all  preceding  wave  components,  and  tha  negative  component  with  all 
but  the  activating  Vlllth  nerve  potential  represented  by  Have  I-N.  Tha 
principal  brninotfm  wave  component,  Have  V-i,  was  found  to  be  correlated 
with  the  latency  of  both  components  of  Wave  III  and  the  positive  component 
of  Hava  II.  A  point  eignif leant  to  the  use  of  the  latency  of  Uavo  V  as  e 
measure  of  audloaetrlc  threshold  la  that  this  wave  was  not  correlated  with 
the  latency  of  Have  I-N  (the  equivalent  of  the  Ml  potential  of  electrococh- 
leography).  Thornton  (reference  36- Table  III)  also  found  no  correlation 
betv&an  tha  latencies  of  these  two  vavre  (hit  HI  and  M4)  based  upon  80  dB  8L 
stimuli  and  six  subjects.  However,  he  did  find  significant  correlations 
present  under  hie  60,  70,  and  90  dB  SL  stimulus  conditions.  Mo  significant 
Later.cy  correlations  vers  found  for  Wave*  XV  or  VI  other  than  between  their 
negative  end  positive  peak  latencies.  Tha  actual  magnitude  of  the  correla¬ 
tion::  found  to  be  significant  was  greatest,  In  general,  for  the  correlations 
that  existed  between  the  positive  and  negative  components  of  e  given  wave. 

Tha  correlation  matrix  for  the  brainstem  transmission  time  variable  is 
presented  in  Table  C  IX.  In  this  matrix,  thers  were  fourteen  correlations 
significant  to  the  .001  level  and  .  ivo  significant  to  only  the  .01  level. 
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The  corrolatica  relationships  followed,  in  general,  those  present  with  tha 
latency  data.  It  should  be  noted  that  since  Che  transmission  tine  of  s  given 
wave  cccpcnsat  uses  the  latency  of  Wave  I-H  a*  the  sero  measurement  reference, 
the  colir.3  labeled  as  I-H  in  this  table  corresponds  to  tha  correlation  be¬ 
tween  tha  latency  of  Wave  I-H  and  the  transmission  time  of  the  Individual 
brainstem  waves  listed  In  row  ordar  below.  A  general  conclusion  to  be  gained 
frcca  tMa  coluca  is  that  although  the  latency  of  Wave  I-H  la  significantly 
correlated  with  the  transmission  tin*  of  only  Wave  components  I-F,  II-P, 
end  III-!'!,  tha  correlation  coefficient  is  in  the  negative  sense  for  ell 
eleven  following  ccsspcnants.  That  is,  an  increase  of  tha  latency  of  Wave  I-H 
tends  to  decrease  tha  transmission  time  of  ths  following  waves.  In  tha  caoo 
of  ch®  transmission  tine  of  Wave  V-H,  significant  correlations  existed  with 
Wave  IK  end  both  components  of  Wavo  III. 

For  tha  Table  C  III  half -period  correlation  matrix,  tha  only  correlation 
found  significant  was  between  the  weasuremants  for  Waves  I  and  III.  This 
correlation,  in  tha  negative  direction,  would  indicate  that  an  increase  in 
tha  duration  of  Wav®  I  ia  reflected  by  a  decrease  in  tha  period  or  duration 
of  Wav®  III.  Tha  correlation®  between  Wave  X  and  tha  remaining  waves,  though 
not  statistically  significant,  reflect  the  same  negative  trend.  For  tha 
Table  C  17  peak-to-psek  amplitude  matrix,  no  elgnlf leant  correlations  were 
detected  axcapt  between  Waves  Ill  and  VI  i,a>,  a  large  Were  III  la  generally 
followed  by  a  large  Wavs  V.  Thornton  (refer toe#  38-Table  IV)  also  found 
relatively  few  significant  correlations  across  tha  response  amplitudes  for 
tha  Individual  waves. 


To  a^uist  in  tha  interpretation  of  tbs  correlations  that  exist  •cross 
tha  four  braJnstea  response  measurement  parameters  and  between  the  individual 
bralnetczi  waves,  the  date  present  in  the  principal  diagonals  of  tha  six  intar- 
correlstiun  matrices  presented  in  Appendix  D  have  bean  extracted  and  tabulated 
in  Table  I V.  These  extracted  data  describe,  for  each  individual  wave  or  mm 
component,  tha  correlations  that  exist  between  all  possible  pairs  of  the  four 
bralnsten  measurement  parameters.  As  before,  these  data  are  based  upon  ipei- 
lataral  recordings  mads  at  the  80  dB  SL  stimulus  level.  Tha  latency  versus 
transmission  time  data  of  Table  IV  indicate  that  these  measurements  ware 
significantly  correlated  to  a  relatively  high  degree  in  the  positive  direc¬ 
tion  for  all  of  chs  brains  tea  wave  components.  That  is,  an  “ 

latency  was  generally  accoapanied  by  an  increase  in  transmission  time  for 
ITh  Zva.  Tha  magnitude  of  tbs  correlaeioa  cosfficisnts  was  greatest  for 
3£ MSiiuaoT-ivS;  i.e..  Waves  IV  through  VI.  As  shown  by  th.  c«plets 
matrix  in  Table  D  I,  the  elgnlf  leant  correlation*  that 

these  two  maasureaant  parameters  fall  near  tha  principal  diagonalvithonly 
fow  exceptions.  Generally,  tha  two  measurements  were  slgnifieantiy  corra- 
lated  for  both  components  of  a  given  weve.  The  tr  anemias  ion  time  of  W*™  *  N 
was  significantly  conrslatsd  with  tha  latency  of  Wave  III  as  well  as  its. own 
latency.  This  table  also  reflects  the  negative  ssnss  of  the  correlations 
Ltveen  the  latency  of  Wave  I-M  and  tha  transmission  time  of  tha  following 

woven • 

tha  iotKicy  var.ua  half-p.rl«l  <«.  of  I.bl.  ^  Udic.t.  that  T**"*"0*0* 
corr.lstSou.  k.tvara  th..o  tvo  wnru  wn  J>ru«nt  for  tho  n.8*tiv.  »“ 
"Suiva  Wn«t.  of  ten  I.  th.  r-ftlv.  oo.pon«C  of  H.V.  IT.  .M  tfe. 
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SSftS  STS  S  Las  1  -  V'  *nd  VI-  Tha  correlation*  for  Wav©  I-N 
JVon  of  MrUl. iJF" dir8cJlon'  i«dic«tinn  a  decrease  in  tha  dura- 
!C?"  ®ir «?!,r  Jlth  “  lncref88  in  mav®  latency.  Tha  positive  sense  of 

ol;®®^od  for  tha  other  wave  coupon  ant®  impliee  an  increase 

c-Sata^Sj?.0?  dJr?fl0r  ?JeJ  lncrM8e  ln  latency.  Examination  of  tha 
c^plete  ©atri»  in  Table  D  II  indicate*  that  no  significant  correlation* 
e:dHt  outside  of  those  along  tha  principal  diagonal. 

.  ^  case  of  the  latency  verau*  peak-to-peak  amplitude  date  of  Tablo  IV, 

c;.0n  if  leant  correlations  vere  achieved  only  for  the  component*  of  Wave  V. 
i!>a  negative  sense  of  thase  two  correlations  indicates  that  a  dacreaae  in 
c-plltude  la  gensrolly  accompanied  by  an  lncraaaa  in  latency  for  Wave  V. 
Thornton  (refr ranee  3 3 -Table  IV)  showed  significant  negative  correlations 
for  VJavo  N4  (our  V-N)  aa  well  as  Wave  N5  (our  VI-H)  using  80  dB  BL  atiswli. 
Lr-ravsr,  at  70  end  90  dB  8L,  only  Wave  III  was  found  to  be  significantly 
correlated  in  the  saaa  negative  direction.  The  complete  natrlx  in  Table  D-ffl 
e  rtjs  that  th©  >  ly  other  significant  corro  let  lone  preacne  Involved  the 
latency  of  Wave  V  and  the  peak-to-peak  amplitude  of  Wav©  III.  The  as  corro- 
lotion  coafficiente  too  ware  negative,  implying  that  an  increase  of  the 
WLve  III  anplitude  reoulte  in  the  shortening  of  the  Wave  V  latency. 


Tha  transrdasion  tine  versus  half-period  data  of  Table  IV  a how  signifi¬ 
cant  correlation*  for  only  the  positive  components  of  Waves  II,  V,  and  VI. 
For  these  components,  the  coefficients  signify  an  increase  of  transmission 
tia®  vith  increase  of  wave  duration.  Aa  indicated  by  the  complete  matrix 
in  Table  D  IV,  few  significant  correlations  existed  across  tha  brainstem 
ircVQO  for  tinea  two  meamirmaent*.  Most  predominant  vere  the  correlations 
between  tha  period  of  Wove  I  end  the  early  brainstem  wave  components.  The 
tiMnsaission  tinas  of  both  components  of  Wave  II  and  the  negative  component 
of  Wave  III  were  significantly  correlated  in  the  positive  direction  with  tha 
fcnlf-period  or  duration  of  Wave  I.  That  la,  an  increase  in  tho  duration  of 
fcvo  I  tends  to  lncreaee  the  transmission  tins  of  these  following  waves, 
tkrj aver,  significant  correlation*  between  tha  half-period  of  Wave  I  and  tho 
later  veveo  did  not  result.  It  should  be  noted  that  the  unity-valued  corro- 
lction  coefficient  associated  with  the  half-period  of  Wave  I  and  tha  trans¬ 
mission  tlmo  of  Wave  I-P  la  not  significant  ln  tha  true  senes  because  tha 
transmission  time  of  Wave  I-P  ie,  by  definition,  the  half-period  of  Wave  I. 


Few  significant  correlations  existed  between  the  transmission  time  and 
pcak-to-pealt  amplitude  data  of  Tabls  IV.  For  only  Vava  V  was  there  any 
relationship,  and  this  occurred  in  tha  negative  direction  a a  did  the  latency 
versus  paak-to-peak.  amplitude  correlations  fov  this  vsve.  The  collate 
matrix  tabulated  in  Table  D  V  also  indicates  a  negative  correlation  between 
tho  transmission  time  of  Wave  V  and  the  peak-to-peak  amplitude  of  Wav©  III 
which,  again,  was  reflected  ln  the  latency  versus  peak-to-peak  amplitude 
correlations. 


As  may  be  gained  from  an  examination  of  Tabls  D  VI,  the  only  significant 
correlation!)  present  botvesn  the  half-period  and  peak-to-peak  amplitude  date 
wore  those  present  along  the  principal  diagonal  aa  Hated  in  Table  XV.  That 
io6  significant  correlations  between  these  two  measurements  occurred  for 
Woven  II,  IV  and  VI.  Times  correlations,  in  the  positive  direction,  imply 
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that  cn  incraaoo  In  duration  of  theca  wave a  la  generally  accompanied  by  an 
i acres so  In  aisplituda. 


fable  V  le  Identical  to  Table  IV,  with  tha  exception  that  tlw  inter- 
corrclationo  listed  pertain  to  tha  contralateral  response®  producad  by  tha 
60  dD  8L  stimulus  level,  (The  complete  correlation  tutrices  froa  which 
that: a  principal  diagonal  components  war*  extracted  ate  not  incorporated  into 
tha  report.)  8inc«  the  transmission  time  measurement  requirtB  tha  maasuro- 
esnt  of  tho  latency  of  Wave  I-H,  end  since  tha  incldanca  of  thia  wave  waa 
relatively  low  in  the  contralateral  recordings,  tho  number  of  data  values 
available  for  correlation  of  this  measurement  parameter  with  tha  other  para- 
tsatcro  is  relatively  low.  The  vast  majority  of  tha  correlations  found  to 
bo  ctaeiatically  significant  center  on  the  latency  vereue  transmission  time 
and  latency  versus  half-period  measurement  pairs.  Tor  tha  latency  versus 
transmission  titas  data,  tha  wavaa  that  war a  found  to  bo  aignlflcautly  corre¬ 
lated  in  tho  corresponding  Table  IV  ipsllateral  date,  with  tho  exception  of 
Wave  II  and  tha  negative  component  of  Wove  III,  ware  found  to  be  signifi¬ 
cantly  correlated  in  the  contralateral  data.  With  the  exception  of  Wave  II, 
tha  ocao  relationship  existed  for  the  latency  versus  half-period  correlations. 
Thcs  onlv  otfcnr  correlation  found  to  be  statistically  significant  in  ttys 
reclining  maaauremant-pcira  of  Table  V  involved  the  positive  correlation 
batvaen  tho  half-period  and  paek-to-peak  amplitude  of  Wave  IV.  The  lack  of 
significant  correlations  bo  tween  the  contralateral  latency  and  amplitude 
date  of  our  study  for  any  of  tha  brainstem  waves  le  contrary  to  the  findings 
of  Thornton  (reference  35-Table  IV)  who  identified  several  wave*  with  signi¬ 
ficant  correlations  In  the  negative  direction. 


In  the  previous  eection,  difference!*  between  the  means  of  the  ipsllateral 
braiuetem  r&sasureu  derived  from  left  and  right  aar  stimulation  were  presented 
and  dlacusflftd.  In  Appondix  B,  correlation  metricas  ara  presented  that  describe 
tha  relationships  that  existed  between  and  among  tho  different  ipsllateral 
brainstem  wave*  separately  produced  by  left* end  right- ear  stimulation  for 
each  of  the  four  brainstem  measurement  perimeters.  The  principal diagonals 
froa  those  Appondix  B  matrices  have  baen  extracted  and  listed  in  Table  VI. 

Tha  latency  correlation  matrix  pranented  in  Table  El  indicate*  that  the 
majority  of  the  significant  correlation*  occurred  along  the  principal  diag¬ 
onal.  As  Indicated  In  Table  VI,  tl»e*  correlations  were  *11  in  the  positive 
aoncai  i.o.,  when  the  latency  of  a  given  ipsllateral  wave  produced  by  left- 
ear  stimulation  wae  relatively  long,  the  latency  of  the  corresponding  wave 
produced  by  right-oar  etimulation  would  also  b«  relatively  long.  The  ljten- 
cioc  of  tho  negative  componente  of  *11  following  waves,  with  the  exception  of 
Have  VI,  vero  all  eignlficaotly  corrclatad.  Tor  tho  positive  component®, 
significant  correlation*  between  the  ears  were  observed  for  only  Waves  I  an- 
lit?  Xt  should  be  noted  that  tha  latancy  of  Wav*  I-N  was  not  correlated 
acroos  ear*.  Although  thia  epoclal  subject  group  probably  had  a  much  totter 
"•nfpKftd-aat"  of  ears  than  a  group  drawn  from  an  unealected  population  of 
r' Z  »»£"hU  UrtSf  corr.l.tton  for  W.«  I-N  probably  rjfl.ct. 
t|!„  indopandonc.  of  eh.  MO.tcivltl.,  of  th.  two  «.v.  for  o  glv.n  .uhjoct. 

In  the  caa*  of  tha  trenemission  time  measurements,  it  would  be  exacted 
that  correlations  should  exist  between  those  laft-  and  right-ear  brainnCea 
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vc-vcj  that  aval vo  from  soma  coeraon  neural  pathway  or  transmission  route. 

That  la,  the  correletlona  should  Incraaoe  for  the  brainstem  waves  most 
resets  fro®  their  Wove  I-N  peripheral  origin.  Aa  Indicated  by  the  Table  E  11 
tr&nsaieaion  time  correlation  tutrix,  significant  correlations  did  not  arise 
until  Wave  XXX.  The  principal  diagonal  of  Tabla  B  II,  listed  in  Table  VI, 
shews  that  the  transmission  tines  of  only  Waves  III-N*  I1I-P*  and  V-N  ware 
intracorrclatad  serosa  tars.  Tabla  I  XI  alao  indicates  the  presence  of  an 
unarpactad  unidirectional  correlation  between  the  transnleslon  tinea  of 
Waves  III  find  V-N.  That  le,  tha  tranfmiaaion  tint  of  Wave  V-N  as  produced 
by  right-ear  stlnulation  was  significantly  corralatad  with  the  transmission 
tlsasa  of  Waves  III-*  and  III-P  as  produced  by  left-eer  stimulation,  The  con- 
verca,  however,  was  not  true  even  though  the  number  of  data  pairs  ueod  in 
tha  two  eeta  of  celculatlone  was  appro xiaately  the  same.  If  thia  difference 
la  not  due  to  random  statistical  arror,  than  no  explanation  can  be  offered 
for  the  observation  at  thie  time. 


In  the  case  of  the  Table  E  III  half-period  correlation  matrix,  no  signi¬ 
ficant  left /right  ear  corralations  wars  observed  between  or  among  the  six 
brains  ten  waves.  Por  the  peak-to-peak  amplitude  data  presented  in  Table  E  IV, 
significant  correlations  between  the  left  end  right  ears  along  the  principal 
diagonal  were  found  for  Waves  I,  III  end  V.  Unidirectional  correlations 
were  also  present  between  the  amplitude  of  the  left-eer  Wave  Ill  end  the 
right-ear  Wave  I;  end  the  left-ear  Wave  V  end  the  right-ear  Wave  III. 

In  e  previous  aaction  of  thia  report,  date  were  presented  that  identified 
statistically  significant  differences  between  the  means  of  the  iI,,**®****J 
InS  contralateral  brainatem  measurement,  for  certain  of  th.  weva  com^nente. 
The  correlation  metrics*  presented  in  Appendix  t  *r*  tended 
statistically  significant  relationships  that  may  have 

same  ipailateral  and  contraletoral  brainstem  measurements.  Aa  baforOi  tlv* 
price ipa.1  diagonal  of  sach  matrix  in  Appendix  T  has  besn  axtrected  and 
Ln^ratsiv  listed  in  Tabla  VII.  Tha  ipailataral  data  sat  derivaa  from  com 
bining  the  ipailataral  responses  produced  by  both  left  and  right  ear  at  iso¬ 
lation.  The  eons  applied  to  tha  contralateral  data  set. 

A  cursory  examination  of  the  Appendix  7  correlation  8*£V 

that  the  majority  of  the  significant  corralations  obasrved  between  tha  ipai 

aloes  the  principal  aiag  latencies  of  both  components 

r^’l  III  *1  gni f leant ly^orralatad*^! th° tha  ipeilatarel 

tl0Ml  2iS»3topST2«fSi£S  lL\  l?Z,Vn  m*  inf 

thTcorr.Ltloiw  «r.  bldir.ctlon»l  »nd  «c.nd  Ht«>  «l»  t»  ™ 


A  t 


< 
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lfl73  ^fj  ^  wcy  0  ;h\  1Pall#t*r«l  wav.  III-N  is  significantly  corra- 
f*  }ot«;y  o£th*  contralateral  Wav.  II-N,  and  the  contralateral 
~ I-J:;  y.1!  J^^Jcantly  correlated  with  ths  Ip.ilataral  Uava  1I-W.  TMo 
r£  ^«Ll8<*n?v  at  *11  *ot  Vava  IV*  The  latency  of  the  negative 

c??tr*1*^al  ™  *•  significantly  correlated  with  the 

latency  of  all  lpeilateral  wave  component*  ranging  from  I-R  through  XV-P. 
th~  maa  raUtionahlp  exists  for  the  contralateral  Wave  IV-P  which  la  signi- 
fic.ntly correlated  with  all  lpeilateral  wave  components  ranging  from  X-P 
through  V-?.  The  convarae  la  not  true  for  the  latency  of  the  lpeilateral 
Wavi  iv  component  a.  Por  Wave  V,  the  majority  of  the  algniflcant  correlation® 
hava  the  bidirectional  character  of  those  identified  with  Wave.  II  end  III. 
Eoriver ,  the  contraleterel  Wave  V-K  la  significantly  correlated  with  both 
component*  of  lpeilateral  Waves  II  and  III,  while  the  lpeilateral  Wave  V-W 
Is  correlated  with  the  contralateral  Wave  III,  but  not  the  contralateral 
Wava  II. 


It  Is  possible  that  the  unidirectional  nature  of  the  Wave  IV  latency 
correlations  la  due  to  atatiatlcal  error*  arising  froe  the  eaall  n  associ¬ 
ated  with  the  contralateral  data,  particularly  for  the  early  waves.  If  this 
la  not  tha  caaa,  one  la  confronted  with  the  following  observations t  Wave  IV 
Is  present  In  both  lpeilateral  and  contralateral  recordings,  but  Its  inci- 
danca  la  greater  in  the  latter.  The  amplitude  of  Wave  IV,  when  present,  la 
generally  greatest  In  tha  contralateral  recordings.  The  latency  of  th® 
Initial  negative  component  of  Wave  IV  ob served  In  the  lpalletaral  recording® 
la  highly  correlated  with  the  aarne  component  in  tha  contralateral  recordings 
aa  indicated  In  Table  VII,  Tha  sene  applies  to  tha  poaltlvo  component, 

Wavo  IV-P,  with  the  degree  of  correlation  even  greater  than  that  found  for 
IV-I3.  Lastly,  the  latency  of  the  contralateral  Wave  IV  was  significantly 
correlated  with  almost  all  of  tha  preceding  lpalletaral  wava  components. 

Tho  latency  of  tha  analler  magnitude  lpeilateral  Wava  IV  waa  only  correlated 
with  its  contralateral  counterpart.  In  this  raapect,  it  Mama  that  tha  con¬ 
tralateral  Wave  IV  Is  more  cloaaly  allied  with  the  brainstem  events  occurring 
In  the  lpeilateral  channel.  Tha  bidirectional  correlations  observed  between 
tha  lpeilateral  and  contralateral  recordings  for  Wevae  II,  III,  end  V  would 
lffiply  that  these  waves  are  on*  and  tha  ssm  in  both  forms  of  records.  The 
unidirectional  nature  of  the  correlations  between  the  lpallateral  and  contra¬ 
lateral  Wava  IV  recordings  would  possibly  imply  that  tha  obearved  waves  are 
not  of  tha  same  origin. 

Tha  transmission  time  correlation  matrix  presented  in  Table  P  IX  indi¬ 
cates  low  significant  correlations  between  the  lpalletaral  end  contralateral 
bralnatam  wave  maasuramanta.  Again,  because  the  transmission  time  variable 
requires  ths  presence  of  Wave  I-N,  and  because  Wave  X-N  has  low  Inc id an c a 
In  tha  contralateral  recordings,  this  matrix  la  based  on  relatively  snail  n 
valuos.  Ths  asms  fom  of  unidirectional  correlation  ree pones  Just  described 
for  Wave  IV  la  present  for  Wave  V-R.  In  this  caaa,  the  transmission  time  of 
the  lpalletaral  Wave  V-K  la  significantly  correlated  with  the  transmission 
tines  of  contralateral  Waves  II  and  XXI-P.  As  indicated  in  Table  VII, 

Wave  V-N  Is  the  only  bralnstaa  wava  for  which  a  algniflcant  transmission 
time  correlation  waa  obtained  between  ths  lpsllataral  and  contralateral 
recordings. 
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w_  1 »  >  .  y  leant  correlation!  wtra  observed  in  the  Table  P  Iiz 

half-poriod  correlation  natrix,  Again.  Wave  V  l>  *k«  Li?--*  - 

ufcich  m  . .  w  :  \  "*“***  "*T®  v  tw  only  brainstem  wave  for 

f  h*lf-psriod  correlation  vaa  obtained  between  the  ipel- 

t#r?L rtcord ln*- •  n*  °^y  othex  significant  conation 
prosit  in  tha  half-period  natrix  involved  the  contralateral  Wave  II  and  the 

**“  ••»««  0*  this  correlation  lnpllaa  that  an 

incre-33  in  tha  latancy  of  the  ipeilaterel  Wave  1  gena rally  raaulta  in  a 
ehorfcaaing  of  the  interval  between  the  peaks  of  the  contralateral  Wave  XI. 


In  the  caae  of  tha  peak-to-peak  amplitude  correlation  natrix  presented 
in  Taolo  F  IV,  the  only  significant  correlation  that  occurred  along  the 
principal  diagonal  involved  Wave  III,  Thie  correlation  lnpllaa  that  Wav®  III 
ia  tha  only  brains to®  wave  that  conaletantly  dieplaya  the  eene  amplitude 
responses  in  both  the  Ipeilaterel  end  contralateral  recordings.  The  amplitude 
of  tha  contralateral  Wave  III  waa  also  correlated  in  the  poeltlvo  sense  with 
tha  solitudes  of  Waves  I  and  V  in  the  ipeilaterel  recording*.  In  addition, 
the  ccplituda  of  the  ipeilaterel  Wave  V  wee  negatively  correlated  with  the 
eeplitude  of  tha  contralateral  Wave  II. 
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APPENDIX  A 


StstisHcal  mummy  of  Iptlloterel  reaponae  wooauranonfo  far  each  of  tho  Individual 
ferdhstsra  evoked  rapcnao  wove  conpo nenta.  THo  delta  ere  baaed  upon  4000-aomp! 
HawovowBod  raapoma  of  70  «n  ta  40,  60,  and  80  di  SL  aoourflc  click  atlmuli 
pmented  <4  a  21  Ha  repetition  rda. 

A  I.  Latency  Meaewrersenti 
A  II.  Tranamhslen  Tlmo  Mooaurereonh 
A  III.  Half- Period Moowmmnti 
A  IV.  Pealc-ta-Peak  Amplitude  Meaauremenfo 


Table  A  I 

Caslc  IpdlcStrol  Latency  SttfltHci  hr  the  fotfvtdoal  Irelmlcm  Wove  Cesnpenanti  tt  o 

Function  of  Stimulus  Level 


LATENCY  STATISTICS  FO*  IKILATEAAL  I  EC OR  01  NOS  (MlllhocenA) 


WAVE 

42- $1 

MEAN  MEDIAN 

MIN 

MAX 

RANGE 

STD- DEV 

STD- ERR 

N-  Numeric 

N-Percanl 

J-N 

.0 

1.33 

1.33 

1.03 

1.36 

.31 

.092 

.011 

67 

93.7 

60 

1.63 

1.64 

1.33 

2.19 

.86 

.169 

.026 

44 

62.9 

40 

3.36 

2.42 

1.84 

2.81 

.98 

.309 

.089 

12 

17.1 

l-P 

so 

1.97 

1.93 

1.60 

2.30 

.70 

.132 

.016 

69 

98.6 

60 

2.18 

2.13 

1.87 

2.30 

.62 

.166 

.026 

40 

57.1 

40 

2.62 

3.01 

2.19 

3.22 

t  .13 

.391 

.130 

9 

12.9 

n-N 

00 

2.30 

2.30 

2.23 

2.81 

.60 

.142 

.020 

52 

74.3 

40 

2.70 

2.69 

2.38 

3.09 

.70 

.196 

.034 

34 

40.6 

40 

2.93 

NC 

NC 

NC 

NC 

NC 

NC 

4 

3.7 

h-p 

a) 

2.63 

2.97 

2.6* 

3.20 

.39 

.133 

.017 

59 

84.3 

50 

3.44 

3.16 

2.83 

3.44 

.39 

.141 

.021 

43 

64.3 

40 

3.64 

3.63 

2.89 

4.14 

1.25 

.413 

.136 

9 

12.9 

lll-N 

so 

3. 38 

3.53 

3.24 

3.87 

.62 

.133 

.016 

69 

98.6 

50 

3.78 

3.79 

3.36 

4.18 

.82 

.179 

.024 

57 

81.4 

40 

4.34 

4.57 

3.71 

5.12 

1.41 

.262 

.830 

27 

38.6 

Ifl-? 

SO 

4.17 

4.18 

3.73 

4.43 

.70 

.143 

.018 

64 

94.3 

50 

4.40 

4.38 

3.91 

4.96 

1.06 

.197 

.027 

S3 

75.7 

40 

3.17 

5.19 

4.02 

3.90 

1.17 

.347 

.063 

30 

43.9 

IV- N 

80 

4.91 

4.91 

4.63 

3.19 

.53 

.157 

.833 

22 

31.4 

40 

3.02 

3.08 

4.57 

S.33 

.78 

.244 

.068 

13 

18.6 

40 

3.79 

NC 

NC 

NC 

NC 

NC 

NC 

3 

4.3 

IV-P 

SO 

50 

3.14 

3.16 

4.18 

3.47 

.59 

.170 

.037 

21 

30.0 

3.23 

3.27 

5.00 

3.33 

.33 

.179 

.042 

18 

25.7 

40 

3.99 

NC 

NC 

NC 

NC 

NC 

NC 

1 

4.3 

V-N 

go 

3.47 

5.47 

5.08 

3.90 

.12 

.170 

.020 

70 

100.0 

60 

3.73 

3.74 

3.16 

6.21 

1.03 

.216 

.026 

68 

97.1 

40 

6.30 

6.41 

5.34 

7.03 

1.48 

.284 

.033 

67 

95.7 

V-P 

00 

6.31 

6.33 

5.90 

6.93 

1.06 

.241 

.034 

so 

71 .4 

60 

6.67 

6.60 

6.03 

7.42 

1.37 

.331 

.056 

39 

55.7 

40 

7.49 

7.54 

6.87 

8.08 

1.21 

.389 

.073 

27 

38.6 

VI-  N 

S3 

7.00 

7.03 

6.44 

7.38 

1.13 

.325 

.053 

37 

52.9 

50 

7.36 

7.38 

6.91 

7.83 

.94 

.234 

.044 

28 

40.0 

40 

8.19 

8.16 

7.62 

8.98 

1.37 

.343 

.089 

13 

21.4 

Vl-P 

00 

7.76 

7.09 

6.64 

8.32 

1.68 

.403 

.059 

48 

68.6 

60 

8.21 

8. 28 

7.38 

9.10 

1.72 

.368 

.061 

36 

51 .4 

60 

8.46 

8.59 

7.62 

9.91 

1.29 

.367 

.102 

13 

18.6 

NC  *  NJ  Coleu  Mod,  N  <  3 


TM*A  II 

&»Ic  lpail<s?«fal  Trowsru’alon  Tim*  StaMiDca  for  IK*  ItkSvI4kiI  ltcln»l«m  Wova  Componanti  ot  a 

Fvncttan  of  Stimulus  L*v*l 


WAV£ 

TRANSMISSION  XI M£  STATISTICS  FOR  IKIUTBUL  RECORDINGS  (Mlllli*c»rwJ») 
<S3-SL  MEAN  MIOIAN  MIN  MAX  RANGE  STE>-D€V  STD-ERR  N-Numarlc 

N-Pcroaat 

l-P 

HO 

.64 

.63 

.35 

1.05 

.70 

.130 

.016 

66 

94.3 

60 

.35 

.99 

.27 

.74 

.47 

.130 

.023 

33 

47.1 

40 

.34 

.33 

.35 

.66 

.31 

.112 

.046 

6 

8.6 

((- N 

00 

1.17 

S  .17 

.94 

1.60 

.66 

.129 

.0)8 

31 

72.9 

60 

1.07 

1.03 

.74 

1.36 

.82 

.178 

.034 

28 

40.0 

40 

.96 

tK 

NC 

NC 

NC 

NC 

NC 

2 

2.9 

ll-P 

eo 

1.60 

1.60 

1.25 

1.84 

.59 

.'39 

.018 

38 

62.9 

60 

1.31 

1.52 

1.23 

1.84 

.59 

..58 

.320 

32 

45.7 

40 

1.34 

1.33 

1.03 

1.60 

.53 

.212 

.or: 

3 

7.1 

m-N 

80 

2.24 

2.27 

1.87 

2.30 

.63 

.140 

.017 

66 

94.3 

60 

2.13 

2.15 

1.76 

2.38 

.63 

.133 

.024 

39 

55.7 

40 

2.10 

2.11 

1.84 

2.30 

.66 

.213 

.071 

9 

12.9 

in-? 

00 

2.83 

2.83 

2.46 

3.09 

.63 

.139 

.018 

63 

90.0 

60 

2.73 

2.69 

2.38 

3.0) 

.63 

.144 

.014 

J6 

31 .4 

40 

2.78 

2.75 

2.19 

3.09 

.90 

.281 

.009 

10 

14.3 

IV-N 

•0 

3.36 

3.33 

3,28 

3.83 

.35 

.161 

.034 

22 

31.4 

60 

3.27 

3.23 

2.97 

3.51 

.55 

.210 

.074 

8 

11.4 

40 

«•««» 

NC 

NC 

NC 

NC 

NC 

NC 

0 

0.0 

(V-P 

00 

3.79 

3.82 

3.32 

4.10 

.59 

.174 

.038 

21 

30.0 

60 

3.36 

3.39 

3.28 

3.83 

.33 

.202 

.038 

12 

\7  •  l 

40 

NC 

NC 

NC 

NC 

NC 

NC 

0 

0.0 

V-N 

00 

4.14 

4.14 

3.67 

4.37 

.90 

.172 

.021 

67 

93.7 

60 

4.05 

4.02 

3.55 

4.65 

1.09 

.205 

.031 

44 

62.9 

40 

3.80 

3.71 

3.44 

4.30 

.86 

.293 

.008 

II 

T5T7 

V-P 

00 

4.97 

4.96 

4.33 

3.47 

.94 

.233 

.034 

48 

68.6 

60 

4.94 

4.88 

4.41 

5.86 

1.43 

.328 

.063 

27 

40 

5.04 

NC 

NC 

NC 

NC 

NC 

NC 

4 

3.7 

VI- N 

80 

5.67 

3.68 

5.06 

6.17 

1.09 

.327 

.034 

36 

51.4 

60 

3.71 

5.74 

5.19 

6.13 

.94 

279 

.064 

19 

27.1 

40 

3.32 

5.58 

5.35 

5.59 

.23 

.102 

.046 

5 

7.1 

V*-P 

80 

6.40 

6.32 

5.31 

6.99 

1.68 

.413 

.061 

43 

64*3 

60 

6.53 

6.62 

5.39 

7.13 

1.36 

.4)2 

.004 

24 

34.3 

40 

6.34 

NC 

NC 

NC 

NC 

NC 

NC 

4 

5.7 

NC  “  No»  C«leulor«d,  N  -  5 
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Iob>«  A  III 

&k!c  IpillaWal  Half-P«r!od  SloHdlw  for  fH»  Individual  Irolndwn  Wov«  Compon«nf»  01  a 

fund  I  on  of  Sttwjlm  L*v«| 


HAlf-PERIOD  SfATlSriC5  FOR  IPSIlAfRAl  RECORDINGS  (Mlllliocondi) 
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MEDIAN  MIN 
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STD- DEV 

STD- SIR 

N- Numeric 

N-P®rc«nJ 

1 

VO 

.64 

.63 

.35 

1.05 

.70 

.130 

.016 

66 

94.3 

60 

.53 

.59 

.27 

.74 

.47 

.130 

.023 

33 

47.1 

40 

.54 

.55 

.35 

.66 

.31 

.112 

.046 

6 

8.6 

II 

dO 

.42 

.39 

.19 

.63 

.43 

.095 

.013 

51 

72.9 

60 

.43 

.43 

.23 

.66 

.43 

.113 

.OBO 

32 

45.7 

40 

.53 

NC 

NC 

NC 

NC 

NC 

NC 

4 

5.7 

III 

60 

.59 

.39 

.43 

.62 

.39 

.084 

.010 

66 

94.3 

60 

.58 

.57 

.39 

.82 

.43 

.101 

.015 

48 

61.6 

40 

.59 

.59 

.31 

.90 

.59 

.158 

.035 

20 

21.6 

IV 

60 

.24 

.23 

.16 

.35 

.20 

.052 

.011 

2) 

30.0 

60 

.30 

.27 

.16 

.70 

.55 

.149 

.043 

n 

13.7 

40 

.29 

NC 

NC 

NC 

NC 

NC 

NC 

2 

2.9 

V 

BO 

.87 

.82 

.59 

1.52 

.94 

.206 

.029 

50 

71.4 

60 

.94 

.90 

.62 

1.68 

1.05 

.235 

.038 

38 

54.3 

40 

1.13 

1.17 

.66 

1.49 

.32 

.217 

.042 

27 

30.6 

VI 

60 

.64 

.62 

.19 

1.21 

1.01 

.291 

.055 

28 

40.0 

60 

.86 

.94 

.23 

1.41 

1.17 

.318 

.077 

17 

24.3 

40 

.81 

NC 

NC 

NC 

NC 

NC 

NC 

3 

4.29 

NC  c  Not  Calculc4«d,  N  <  5 
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APPENDIX  B 


Statistical  summary  of  contralateral  rapontd  measurements  for  each  of  tha  IncBvId"! 
brainstem  evoked  response  wove  components.  The  data  are  based  upon  4000-sample 
time-averaged  responsec  of  70  ears  to  40,  60,  and  80  dB  SL  oooustlc  click  dlmull 
presented  at  a  21  Hz  repetition  rate. 

0  1.  Latency  Measureme  nt 

B  II.  Transmission  Time  Measurements 

BUI,  Ha  If- Period  Meosurements 
B  IV.  Peok-to-Peak  Amplitude  Measurements 


r«bu  6 1 


8c:  !c  Contralateral  Latency  Stotlitlci  for  the  Individual  Ira !n Mem  Wav*  Component*  ot  a  Function 

of  Stimulus  Laval 


UTENCY  STATISTICS  FOR  CONTR/  '.ATERAL  RECORDINGS  Mlllieecn*) 

WAVE  d3-SL  MIAN  MEDIAN  MIN  MAX  RANGE  STD- DEV  STD- ERR  N-Numarlc  N-Parcanf 


/ 


V 


l-N 

60 

1.41 

)  .41 

).25 

1.56 

60 

1.68 

NC 

NC 

NC 

40 

2.24 

2.)3 

1.9) 

2.85 

f-P 

80 

2.06 

2.07 

1.72 

2.30 

60 

2.25 

2.25 

1.91 

2.69 

40 

2.66 

2.85 

2.27 

3.36 

ll-N 

60 

2.66 

2.66 

2.42 

2.69 

60 

2.8) 

2.79 

2.50 

3.09 

40 

3.4) 

NC 

NC 

NC 

ll-P 

80 

3.05 

3.05 

2.81 

3.40 

40 

3.17 

3.16 

2.85 

3.59 

40 

3.70 

3.6) 

3.12 

4.14 

Hl-N 

80 

3.47 

3.48 

3.16 

3.67 

60 

3.70 

3.71 

3.32 

4.53 

40 

4.53 

4.59 

4.29 

4.73 

1 ll-P 

•0 

3.40 

3.98 

3.71 

4.45 

60 

4.23 

4.22 

3.79 

4.84 

40 

5.04 

5.04 

4.61 

5.55 

IV- N 

60 

4.63 

4.84 

4.53 

5.19 

60 

5.0) 

5.02 

4.73 

5.43 

40 

5.92 

5.88 

5.59 

6.48 

IV-P 

60 

S.)2 

5.  )2 

4.73 

5.47 

60 

5.33 

5.35 

4.92 

5.70 

40 

6.05 

6.03 

5.12 

6.72 

V-N 

60 

5.58 

5.59 

5.19 

5.90 

60 

5.83 

5.86 

5.39 

6.29 

40 

6.46 

6.44 

5.74 

7.38 

V-P 

60 

6.33 

6.33 

5.94 

7.58 

60 

6.79 

6.72 

6.21 

8,00 

40 

7.58 

7.60 

6.76 

8.2B 

VI- N 

60 

7.06 

7.07 

6.33 

8.40 

60 

7.30 

7.30 

6.44 

8.46 

40 

8.01 

8.03 

7.11 

8.51 

Vl-P 

80 

7.71 

7.77 

6.72 

9.02 

60 

8.)6 

8.22 

6.99 

9.14 

40 

8.52 

8.67 

7.07 

9.14 

.31 

.101 

.028 

13 

18.6 

NC 

NC 

NC 

3 

4.3 

.94 

.367 

.150 

6 

8.6 

.59 

.131 

.017 

57 

81.4 

.78 

.182 

.036 

26 

37.1 

1.09 

.347 

.105 

11 

15.7 

.47 

.119 

.021 

33 

47.) 

.59 

.176 

.044 

16 

22.9 

NC 

NC 

NC 

3 

4.3 

.58 

.131 

.023 

34 

48.6 

.74 

.169 

.036 

22 

31.4 

1.02 

.416 

.170 

6 

8.6 

.70 

.146 

.02) 

47 

67.1 

1.21 

.223 

.036 

38 

54.3 

.43 

.179 

.063 

8 

11.4 

.74 

.141 

.017 

67 

95.7 

1.05 

.207 

.028 

55 

78.6 

.94 

.208 

.037 

32 

45.7 

.66 

.159 

.023 

40 

57.1 

.70 

.163 

.033 

24 

34.3 

.90 

.264 

.083 

10 

14.3 

.74 

.175 

.028 

40 

57.) 

.78 

.206 

.008 

30 

42.9 

1.60 

.400 

.116 

12 

17.1 

.70 

.172 

.02) 

69 

98.6 

.90 

.205 

.025 

69 

96.6 

1.64 

.303 

.009 

62 

16.6 

1.64 

.291 

.045 

42 

60.0 

1.79 

.351 

.056 

39 

55.7 

1.52 

.368 

.069 

21 

40.0 

2.15 

.436 

.080 

30 

42.8 

2.03 

.374 

.073 

26 

37.1 

1.41 

.347 

.093 

14 

20.0 

2.30 

.528 

.091 

34 

48.6 

2.15 

.598 

.106 

32 

43.7 

2.07 

.539 

.161 

i: 

17.1 

NC  •*  Not  Calculotad,  N  <  5 
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Tabla  •  II 


talc  Con»ralo»#ral  Trantmlttlon  Tima  Slalltllci  far  1h#  Individual  tralmtam  Wuv* 
Componanti  o*  a  Function  of  Stimuli*  Laval 


TRANSMISSION  TIME  STATISTICS  F OH  CONTRALATERAL  RECORDINGS  (Mlllliaeondi) 


WAVE 

c£>$L 

MEAN 

MEDIAN 

MIN 

MAX  RANGE 

STD-DEV 

STD-DEV 

N-Numorlc 

1 

i 

1 

z 

l-P 

£9 

.58 

.59 

.39 

.70 

.31 

.088 

.024 

13 

18.6 

60 

.63 

NC 

NC 

NC 

NC 

NC 

NC 

1 

1.4 

.49 

NC 

NC 

NC 

NC 

NC 

NC 

4 

5.7 

II— IN 

£0 

1.27 

1.25 

1.13 

1.41 

.27 

.101 

.032 

10 

14.3 

60 

1.05 

NC 

NC 

NC 

NC 

NC 

NC 

3 

4*3 

40 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

0 

0 

ll-P 

£0 

1.63 

1.60 

1.32 

1.64 

.31 

.095 

.029 

11 

15.7 

60 

40 

1.37 

NC 

NC 

NC 

NC 

NC 

NC 

2 

2.9 

1.50 

NC 

NC 

NC 

NC 

NC 

NC 

3 

4.3 

III— IN 

£0 

2.04 

2.03 

1.87 

2.23 

.33 

.108 

.034 

to 

14(3 

60 

1.87 

NC 

NC 

NC 

NC 

NC 

NC 

1 

1 

40 

2.03 

NC 

NC 

NC 

NC 

NC 

NC 
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C  Ul.  Half-Period  vi.  Hoi f- Ported 
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